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ephemerals native to Korea

Aog oW o8 @
d " 4 = 9
YA E R



HH 2 %

L M &atx|

2=
=

A Ay 7]

S
=

}‘\l_

A8

I NH1s= 1A

123

No

qr



A1AF- A7

FHFH A

7l 2

Au 7=

é}

_CH



g

Al

}

7H‘?El_n

o AEl7] =

°

ygsrg 9

oK

Aul 7= 7AET)

‘_3‘:]:

BK

A (A LA kA

o] muA AEYT

26Y

14

20154

o

~
__o_l

of

0
&)
~
T

)
Kk

&

or

ol

—

g0

Nl A7 18

B

<Jo

o]

o

BJ

—

oH

o

~

o

]

—_

oP

e

X

o
Kk
mE

o)

B

—

oP

o

~

BO
o
lofo
s

B



LAl = (A1AHF-2A)

7§

Al 7)<

9%

S
=

% By

AnyS!
- 1

I A7

g5 A7t

A 2}

bo =

S

=

)

-

—_
file)

o
Z

[e;

o
%
il

TAZ HAHARE O

o
T

(ornamental spring ephemerals)

o A7t

45

-
R

be] Flo] ety

A2, GA(H =2 ™)

1
.

ek gk A

a1

Aol #efd ol B

o
T

59

A

d 1dofe] 1 A7kl

o}k

o gG5rt W

o=
==

1

<

b
A

<
,mo

S
AL

bof, rotel A JHakEAkA oF 45

= B3 =
S o

o ATFIA =AM 747}

=4
LN

bol 7bel 4B AabE] gkl 7ol

S

pa

=
o =

NEEREE T

o

A e B

3fj oF

PN
T A=

1

o =
&

of



ML A g 2 89

=]
re
-
=
e
lo
=
oo

) AT Ei

o %A % AEAS F4 9 A
- mn REE FEOIT, AFRete, 2
A, AVAS, EEE aARE aggete,
e e SR ok AN, AR (F 119)
s [0 200 TE B R | AR E  seAudash gtk
(2011) - b (F 2%)
o FAe) FHEks 1% A
- Aol el FHEl W AL
- Fues 27 LE 7
- Fueks 9 wopaay 7
SEEEEEE T
R S S CEETER TP
9% FAFue A2g v 24
o - Azseed 9@ FHth 4w 73
o eTHA A R R o Aszas B@ FaAsdE AR
S TR g, gy 2ze) Fres
- SobRaA] 7
- FeaA ) P
- A, ATALANNE BE FALt ALaT
= 74

HI >&h

22 d =
(2012)

O A4y net
@) sqx]—/q,z_

o] dlo o] 23 - ARl deA e JisEE
o] | o] B | o] £ 3} o HoleHol s - iy =

32 =
(2013)

o
2
o V.
it

oo &

el A Al Al

IV. A1 A3 5 2§
1 A7 el A%

2

| g 71e)

. EAY S, FEA L N REA

Ao @A E Al E, Mol Au B Bk, pER B4R, uhelm
SrelebA, At ek, el thel, ARG elcel, delgelthel, denss, G g
o 29z, AUAT, SeAUAD, Wi X 5 F 1550 £25 FHee RS

Ay FHAS Z2AEIAT A7 159 100852 sl debsth Wgate] A yAnf
o} ey xnrt 14-19mg A== 7 A, vhde] uuglolAu] e YR FA wj2}
kel R AR E, Wekake] deA el 100HE ol b =A vEEt A dd 15652 g

o
A7el e Apol7h glou, FEA R FA YR wZk MAdSE FHS S @ 9

_3_



o} o) sl FAAVY oF 7-21% AR HE oz FuHddh gy do] mE
gk Apol 2 ATk B oAl A widERd FAEv e nds b
1

% an 32

el B2 FA7b otk qly] Wl deA &
Ap-ake] 7ol & ARG E, vivteobAn o] L, upeinjvg]obaAju], ejv| ] o} A
H, dd#R o] 9 AR FAaes 4500 A3 dolebA] gkt webd deidEd FHo
2 E87g F Ae BaE e FAGx, Mol dulA= d3 HolsiA| ol FEHA
g4 FHos 2R 7 AT vivdopAu ke HFeojtte] 3% WE e kel AU A vhet
ER= 457 FARe] AL wobstdal, wiekrIZke] 8F7kA] Aol A A Wols
= B3t o= 22 MAT Wl FAFES 2dElste] AEstE =
ofAE ] AFAQ EAolgt & & Jdrh. AEAHORE itk A E B 5o ofd &
= gl = Al msHlE 7P Sl Ao deE
U F29 FdEy ve A
2ol b= A EL] TA= AFAN FTAATY oF 7% A= He= vAdSwE
ZEA AL ATk A A vsae ofFH2 e u27E A 7S E HolEWA 54579
AAskAaL, ol % 114l wotstr] Ajatsdity. 23y FH7F =Rtz EdsA] SR AEE
of A A7IE AAL o5l wol F@sAY = 230 AddM = 15/6Td I 4
T, 2074 80%0°17d wolativh. aEuh ot FAl M FHEIVF SdEA @gkal, F7hH<l
A=A s 3 FFont FE7F =388 webA dARE ] FA= deep simple epicotyl
MPD(F e A 2] 4 )= 2733
e op A Hl ko] AG Y F

z S
= Ry =
MAUZS FAFE 492 AT Ak WREES} FFEE F2

C%‘Ij_l
S~
—
o1
(@)
o

=R 2 =

AeZANA Loty ZRE AL 20/10C, 15/6TCoA M= wolgo] voksd dFU HE 12
TAAYE F wjgstd AoA AR Wolrt X HAT By xR g, o5H Y
Ae7E AV 7bsEe 277 HHA wizt F4538 st wizb AgEEA w9t
ANER, 1 FEHE FASTHA ALH] ALVE AW FHo] BaE o, GAXE R
FHE BHAI7IA X mebA Bazx ExE FHS BHA77] El], oA Ao
oo A= %9 =217 WM3lyl A5Holon o] ANES E35to] deep simple MPDE HHF
Rt vl wlyE] ok AH] FA = Aol A wi7F Agskda, g A2A e E gl FHel g

g 28y GAAXEE F9s BHA7IA 8o 22y fluridone 20ppmtT A 9,
fluridone®} GA 100ppm Z$A12]e 9 olgo] 80%o]4 =olxth wekA deep complex
29 IRA TS HE Ao A
=do] AAdEHANL, AHY I AL7E
aff ol B} %%’SBAU} 7hEEol otd FAE AP Y2 T et vt

, "lo] FAke] oRE FHEHA &gkt o] wold

O L
o]Fo = F7FHQ AS QR = vjEFHe 4502 deep simple epicotyl MPDZ &
F&  AdAnk Felve 3% A, vsurr Ao A dEstg oy, A o] Fo]



o o5 A%, o] o] Fuol HaHrh GAHeE FUES GRHow Hy
AR @eb non-deep simple MPD= 78 & 99t} Aenss Exhiz vt

SHAE Z3 v szek A3tE BTk grk GA 1000ppm A2 F 15/6Te ajekst 49 125
A 80% o] ol At FH - deep simple epicotyl MPD® ¥/ 3} t}.

AHE ] AU vt S AqJAInt 7 Fo] Aol Fx7F vsulE tete RS
ATt & FxHo WE dFA, F T BF 2E7F 5CA 30/20C7HA Eobd
7hatdth. 25/15C dxAAE A3 HolstA] drt ol& F3dle]l T Fol

5
]

R4 A
5 wrobgol
hE| ]

o ol
o

FT A 2k = AAY YA v 2= GA 10, 100ppmell A &gk o 25T &
Fstw 80% ol wolH ok HUXnp F F BT oA wjddo

A 1227 et d-49dS ¢+ AL, GA
= %3] £27F non-deep simple MPD9] #F4
HAS o o), Fx7F mAEAk o],
gt Hs o AT
AAGE A oG A 2HE =R &
b= SAAARE Wolel fFHREHAC] 30
of BFH o]% ABATH WtEs}
2y wiEg ) ol zpd g e ol
o] ABA 3&S FAAIF AL o]ofx
# o]% ABA TZFE v Frtst
=

o = = [e]
S 933, GA TES E=oled

X

ol

o M
o i
of
%
mE
B
Ir X
ol N
oo
Bt
0{1
P
S
pof)
i)
2
> o
i
2
>

Ho
of
i
f
rO
k=l
o M
c
N
o
N
32,
%
Y
ikt
H’i X i Om’

o
&

o
>

£ & op

ot
RN e/

B

E )
ol
g

o
ne
o

B o
Mo
1%
o
8
=
A
=
il
>{\l

S
e, ©
il

ﬂ

32
o

=2
T

ojt r}u

o
oY,

o
o
22
1_.
2
_>,i
IS
=
W
O:|:9
¥0l'
>
N
~
>
2
o
=

Apx

ol 2

- =

o

B>

ol

2

K

e

a2

2

!

>

it
o o

rlo %

oy -
Q1 ol

ol

o|N

S

ol

2
N

o
i
il
i)
o,
=l
rlo

Y

,d
oft
ftlo
o|N
N
>,
)
v
=
(222
iy
-
oX,

=
=

o\ ¥ flr X md e
"N
Q -1
8 F
o
ol
\' [‘10
)
o
o)
rlr
Kn)
2
ru-[o
i
(]
2
Oko rlo
BN
r\l
o,
>
o

rok

o Asxd S T3 FAAIE Y
A Aol A, 6974 F, AFF-9 do] FHo| Bojrl= A7)l o|n] AFHE G o
£ 3o} B3t fEH AT 69 Yo=Y FE E dEo] FrHy| AlFsdn. 7
9 o] WA 7t 7o) FEZF TR A 7] A ST 8€e] WA gtolrt F435] A1s)
Fa 129 7HA H&EH oz AgEnt 10840 2 @ Azdo] Waly] AZate] He
g w/7] A AEE AL, BeFol FalshAl wastdth A 7o e FHET S-S AR
A 9Y 2897E 129 28U 7A A3t o%, HEOP%O 15% mRko] i}, et 149 25U 4
o : b AL
7

a
hinss
1
ot
o
o
f rlr
—
o
S
X
o
_il
A,
2
_E
=)
j}i
e
i

A]
STEE 129 ToA] 19 @ 401 717}011 wé-ﬂ% A0 2 Feky Qi)
A3 10¢ 120 = 5T 125 o] Agldlor 80% 717to] Wolx A, 119 169l

= 8F
o]’ AesloF 80% 7h7kel mobs k. A2A 2] 71ZbE chill unito 2 741461 A AL
ARl 1483 - 1,794 ARbe F5A17 F= Aol dHA e s BTl d 2
d Ao gekg)
AUA vkl stolabs W Ao, 49 28Uel= AHEAERA 0

g 30dol= 4 VHew F3d driEe] IAHAY. o dVIE2 649 27



LN

F71 Al

vhe] sfo}

O]

X

23, 9493 104l ¢
, 60% ©]

T

ko)
pad

Zol BefAor wWatE vk wekd Ay

371 R, 7-84

RN

=]

j

=3 64
A7 wE FHEy 55 24}

I em) 11

3

=

3
P

3

A}
2]

o
H

of = 100% 3

fop-

2¢ 274 o]

= o
Aek A%

]

Rbol At et 114 29l <

3 of

ol A g
5Tl 4% o4 Azl
A28 71%FS chill unit

=
T

[}
=

49

ol

s

<

il

X

o

—

Mo
o

.

-

of YAz A4, 5Tl 8

Jo.z o] o)At

S
~

o)

[k

o

A3, 104 18
Aol AdHer ol Fojxth 1149 1549

A gR A%

SERE!

7h 7150 H(374)
nh O2E R (17)
vh B} Aol 3

1.

(271)

)

xAO

¢+

oF. 7|}~

A, NEk-wiel AR (17

B
N

BK
™

sl
A



Felthy), daA, Hd A},

webstsl ol

ARAE FrtoA AH Z&

ken
T

o

=N
[}

R F

JU 2| v}, bk nug]olagn], &

2~ 0 %
oA

H
RLe

=

1o
=

o

PN
T

SH
=

- Al g

s

ksl
pul

o=

oo S8

GRS

A

=
=

el A

NEEEE

%

FAF

%9

Footygl, s 24

hui
RS

R4

g 737

=
s F

Foieg

] =] <F

srotuet, A4 o

=

AH oz NS



SUMMARY

CEXES

Commercialization by mass proliferation and high quality production technique for ornamental spring

ephemerals native to Korea

1. Seeds Collection and Characteristics of Ornamental Spring Ephemerals Native to Korea

Many species in Berberidaceae, Ranunculaceae, Melanthiaceae and Liliaceac have underdeveloped
embryos at seed dispersal from mother plants. The seeds with underdeveloped embryos at maturity
have morphological (MD) or morphophysiological dormancy (MPD). This study was conducted to
find basic information for the research of morphological dormancy of seeds in 15 herbaceous
species of four plant families (Berberidaceae, Ranunculaceae, Melanthiceae, and Liliaceae) native to
the Korean peninsula. Seeds of two Berberidaceae species (Leontice microrhyncha and Jeffersonia
dubia), eight Ranunculaceac species (Adonis amurensis, Aquilegia buergeriana, Pulsatilla
tonkangensis, Ranunculus crucilobus, R. franchetii, Thalictrum rochenbrunianum, T. uchiyamai, T.
coreanum, and Helleborus orientalis), three Melanthiaceae species (Heloniopsis koreana, H. tubiflora,
and Trillium tschonoskii), and one Liliaceae species (Erythronium japonicum) were collected, and
embryo morphology and seed germination were investigated in the controlled laboratory conditions.
All seeds of 14 species had underdeveloped embryos which occupied about 7-20% of the full seed
length at maturity. The seeds of L. microrhyncha, J. dubia, A. amurensis, A. buergeriana, R.
crucilobus, R. franchetii, E. japonicum, T. tschonoskii, H. koreana, and H. tubiflora had rudimentary
embryos at maturity. On the other hand, the seeds of P. tonkangensis, T. rochenbrunianum, T.
uchiyamai, and T. coreanum had intermediate type between rudimentary and linear embryo. After 30
days, the seeds of A. buergeriana, P. tonkangensis, H. koreana, H. tubiflora, T. rochenbrunianum,
and 7. uchiyamai germinated to 92%, 84%, 22%, 40%, 12%, and 3%, respectively. On the other
hand, no seeds of the other nine species germinated within 4 weeks. Seeds which did not germinate
within 30 days are said to have MD. Thus, most of the seeds of A. buergeriana and P.
tonkangensis have MD, whereas the seeds of L. microrhyncha, J. dubia, A. amurensis, R.
crucilobus, R. franchetii, E. japonicum, T. tschonoskii, T. coreanum, and H. orientalis have MPD.
On the other hand, the seeds of H. koreana, H. tubiflora, T. rochenbrunianum, and T. uchiyamai
have about 78%, 60%, 87%, and 96% MPD. There was a different level of dormancy (MD and
MPD) within the same seed population examined, indicating different adaptation strategies of wild

plants in the natural environment.

2. Development of A Dormancy Breaking Technique in Seeds of Ornamental Spring Ephemerals

Native to Korea



Seeds of Leontice microrhyncha had deep simple epicotyl MPD (morphophysiological dormancy).
For breaking dormancy, seeds required both warm followed by cold temperature sequences. After
radicle emergence, cold stratification at 5°C was essential for breaking secondary epicotyl dormancy.
Seeds of Adonis amurensis had deep simple MPD. Embryos grew at relatively warm temperatures,
and seeds germinated after warm followed by cold temperature sequences. GA did not overcome the
dormancy. Seeds of Ranuculus crucilobus had deep complex MPD. Embryo growth occurred at cold
temperature (5°C), and seed dormancy was broken by cold stratification. GA did not overcome the
dormancy. On the other hand, seeds of R. franchetii had deep simple epicotyl MPD. Embryos in
the seeds grew at relatively warm temperature in early autumn, and germination occurred in late
autumn. Germinated seeds required cold stratification for seedling emergence. In three Thalictrum
species, seeds had non-deep simple MPD. Embryo growth occurred at low temperatures, but it was
more promoted when the seeds were transferred from low to high temperatures. Seeds required only
a cold stratification to break dormancy, and GA substituted for cold stratification. In two
Heloniopsis species, embryos in the seeds grew under warm temperature regimes (between 25/15°C
and 30/20°C). GA; (tested only in the light) overcame seed dormancy and promoted germination.
Light was found to be one of the critical factors for germination because no seed of either two
Heloniopsis species germinated under constant dark conditions, and thus, these species have the

potential to form a persistent soil seed bank. Thus, the seeds had non-deep simple MPD.

MD and MPD were regulated by phytohormones (ABA and GAs). In 4. buergeriana seeds (MD),
ABA content and sensitivity decreased rapidly, and GA content and sensitivity increased rapidly
after burial. On the other hand, in A. amurensis seeds (MPD), ABA content decreased drastically
after burial, but GA content did not increase before the seeds experienced temperature changes from
high temperatures in summer to medium temperatures in autumn in nature. When underdeveloped
embryos grew rapidly, ABA was non-detectable and GA content increased. But, the seeds remained
ungerminated during cold season in winter. When the seeds started to germinate after cold period in
winter, GA content increased rapidly. GA4 played a key role in stimulating embryo growth and
germination in both MD and MPD. The changes of GA/ABA ratio were similar to the changes of

embryo growth and germination in the buried seeds.

3. Development of Year-round Cultivation Technique by Dormancy Control

Flower bud initiation and differentiation in Erythronium japonicum were observed in May, and
from June to July, respectively, followed by flower bud elongation in August. Sprouting and bud
break did not occur throughout the experiment when dormant bulbs were transferred from September
28 (0 CCU) to November 30 (450 CCU). However, all plants sprouted when the dormant bulbs
were transferred after January 25 (1,794 CCU). Prolonged cold storage also promoted sprouting of
dormant E. japonicum. No cold storage or 4 weeks (672 CCU) of cold storage at 5°C on October



12 did not induce sprouting and bud break. However, when the dormant bulbs were stored at 5°C
for 12 weeks (2,061 CCU) on October 12, percent sprouting increased to 72.7%. Chilling treatment
for 8 weeks (1,483 CCU) or 12 weeks (2,155 CCU) at 5°C on November 16 resulted in 72.7 and
100% sprouting, respectively. In conclusion, at least 1,483 - 1,794 CCU may be recommended for
dormancy breaking in the forcing culture of E. japonicum.

In Heloniopsis koreana, flower bud initiation and differentiation were observed on May 30 and
June 27, respectively. In late July, petal, stamen, and pistil were developed. When dormant plants
were transferred on December 27 from an open field to greenhouse, 100% of the plant sprouted.
Days to sprouting was about 20 days when transferred on December 27. On October 18, 8 weeks
of cold storage at 5C was required for breaking dormancy and normal growth. On November 15, 4
weeks of cold storage at 5C was required for breaking dormancy and normal growth. In
conclusion, at least 1,176 CCU may be recommended for dormancy breaking in the forcing culture

of H. koreana.
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AAE g8 =d, 2 HES vgoe=z 7 Fx9 59 F3S E7F39tH(Baskin and

Baskin, 2004). 8k ofye}, ofe] AEFe s FUHRFIS UF
H o]

o W
AFal tH(Baskin and Baskin, 2003). # ol o}t Ak FE3s AEY A%

L

FI&sto], A7 23s7E g HaH o] gkeExE ATk vk T3 A AA FES
ATA=0] Baskin 19 TAFHY AR AFE Fdel vk el E A ER F
AEFAAN w2} FAFHS sk, dHoleHolastsls A77F AL4S A8d Aot
H A, A T #A[E FAA ol wEY oAy wd AFHAAEe] Y
I Uk 53 A4 AHE *XPO &S 293+ Royal Botanical Garden, Kew® 7% ‘Seed

Information Database - SID(http://data.kew.org/sid/)’E 2008\ =3It} o] Alo]Eo] =
AT AAE ol Bl BE T AEE A ATh mEpA oS AT F 5 2 F
AR E EQA Totd = vk ol# 3 Al2FE AT AFo] dVIHE R TREE 4
e ddeted mwol Ha Ao IR BE 7 A7 ds SR FASdo] &

o ey S AR 2 FHEsAd diE dleoly o]~
2l

A

”]Efﬂr % Tk ofyel, FH FolAlote] wUtER AT AE - AYATE SLEHA
APstar gk FHE AdE ZUlol=tieue] Kondo AFHANAE  AA Viburnum,
Cardiocrinum, Corydalis, Trillium % 59 SAFHY AHAYAFE a3t A st A
TAHRES F53 stEAdd AAs2 Jdth(Kondo 5, 2011; Phartyal %, 2012; Phartyal %,
2014). HZoE= w=¢ Carol Baskin® Jerry Baskine] ¢ Lanzhou University$}t
Xinjiang Agricultural University®] A7+9 2 34 ofAA &9 FAFH A& &EstA w8
sto] A A Q1 StmAlo] We AAINE AAst Ak E=g iRt A 38kl o] Ching-Te
Chien So] A =E9] TAFH O‘]:rL% dteb A ATskal lew, W =] Baskin 1w %
HEdTE Esle] on 9= AHRES =E5taL = AAo|t) ¥k ol HE FolE Y
University of KwaZulu- Nataloﬂ A= Van Staden A7 ZEolA ofAAEES HA I 754
#ste] wig- e AFES MAdstar o, AFAAE FHAY A AR Q)
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.

2. A= ] 2- Ve
A2 Eol A A sty #BEsE HE 559 The University of Queenslandel A
‘The Centre for Native Floriculture’s %50 kst A =5E 7idsta At} o] 242
WA g siele 5 Tt

EAH = e A"oel A5 AT F FHRHAES A
Asta mARS Avtste ©, AARE s WA, A 2 stxds dvsie © 2 9
T AYE dTete @ 522 FAEY vk H2EY AFE Fote] ok %3V <l Brunonia
australis (Goodeniaceae)®}  Calandrinia sp. (Portulacaceae), H21592  Grevillea®}t
Chamelaucium(waxflower) &< W2 Jlstzd 2 3 & A& ASsto g9 =& E
Rstar vk e ofyel, W= USDA(M]EFA), MSUMAAFHA) SollAe vt <=
Eii}%%o H2A B st dr|ss ATk, 1 AdEs Wi dst skt 53] A=A
2 &3l 3tE =R A7]= vernalization® LA e %o wal QNS griA =
w5l dul AujRtEe] &8ss 3T FHE v W= Massey University2] Funnell
ATl = &9 golisl, FH 2 g de #Ag AFE Foto] doAHoRz o] &3
A= s WS =3 th(Samarakoon &, 2012, 1015).

HZ S22 FHxdS T3 s 2EE FHS Baetr] 93 A 129
LTEE FAZstE AgEe] Wol JAHIL Ut . Z3RES JFSH FHA S0t
7] A Aste] AEHY] AR7Ed HAFHIIE Aeth o] 7IbEet T A2s ook
o] 78l ol 2=7F mobAHA AAFA Aol Jhedtth oY g A2 9+ %=E Chill Unito]
g stal, 12 8 9"%F Heat Unitolgt gt} 5223179 WAIFHES AAH 2 B pA]7]7]
A7 AL 24 =5 FASsles WHES o ZHATE e, 53 A2 dTES oY
7HA RElg o]gsto] AL 12 Q4 EE FASstE WEEo] FE ofF v B
ofvel Htoll= FHENGE g A=A =4 TS 4ABVIL A H

8

= A28 lamp-down ¥ el A

HEo] WRFF L ArHCampoy 5,2012; Foley %, 2009). T3+ A7}

17F ol =AY
Arisaema sikokianum®} Helleborus & 2] EE528 A9 A A GAAHAH) A A2AHH=
E3to] MstE SAA T = AFEo] ofrole] AR [ My]o ToA AEHHOoT ALY

aL At

3
3 A Fe] HAY AdH A= v University of Floridael Hector Perez <1+
53] AA Polygonella < 21 &9 T4 % AHEH2A ofA
= Y 5l A th(Heather 5, 2010). o3t AFES =220 F
S 3 ATE Jom, A EY ERE ofye} ofAAEe] o
Ik ¥k olygl, USDA Forest Serviceoll 4= “Native Plants
1=

Asle] oA Al E 2] “Propagation Protocol Database’& =3}l

Ll
=
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= O
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A
N

g 2 5 (spring ephemeral) o] & o] & Hof wolxlo] £S5 ¥ $-u w3 AFEYI)
FHo Eoj7tE AAFIF g #®He o
5

AR E Sol 1 dojr}. o]yt FAGHANEEY] B =2 S il = S TR
A gEE s oz A . olgld AL v&uls Wolsly] Mo A A7] o)A A
ghof shi=d, of-d FHElT A glo] 309 ulol wjel AT} wolr) o] F o X = BT A
THEE, LeEa B EFAEE oyt wirt AAstal Wby = BHYoE s ¢ don,
A2E R AFAMD), A5 FejA A FHMPD)o] 2 gt}

A 4 A gl E B2 534 A EEe FTAFHe #aE AU s o] gk
E3], A 2(cold stratification), GA % %< (after-ripening)* 2] 5<& 3t FHEelyE = A
2l A& H, 9 3 (scarification) 5 o2 FHEITE = F@AFH T3 B A7 9
FolA gtov At FA7F nAdse v E 7HH AL, @ed] AeFaAE, GAAE & FE
ol eyt Al ¢Fa, wolrh oAlEE thA Bt A S Hole FHAYAFH

H
(MPD)ol 2@ 17 Hzol shAlok A4 el A77} ol Folxm glrh.
B oA BHd A% Assts Bei, ddA, AUAR, LA, FFE0 R,
SAYE, SAGZ, vpglviteobgn, spulvtelotqul S BE FAVYHEES FHe
o, AFgelty 2 ddgoltel o SuE 54 2 WEsy] ABEe Yow A
A0 NREAS AN, BA, 45T FATL VSNE AAEA, A, wep
S FeAFE B FAgeAFE F oW FUBYL wol=AE Al FF o
FAFAY YA MAUES dTeha, HEHOR AsE F Uk EARE ATt

st

-

el

L A5

o)
L

1) +2 +3

) Ap -3} o] S A ¥ E(Leontice microrhyncha)® 7378 01 & (Jeflersonia dubia)& A+ 74 7]
S FHAEHI ke AXE E3T]aFEAdolA 27 2012 591, 2009 5¢€27Y
o HZFsAt.

vy ol A u| o] B % (Adonis amurensis), "W 52 (Aquilegia buergeriana) 2 WF$Iv Y
2| o} A vl (Ranunculus crucilobus)® &A= A71% &84 SFHAEHANA 242 20119 59
229, 6918Y, 6¥€1d AFetAdy. T3 v E(Pulsatilla tonkangensis)S QL5 Q7] Al
Bl A Aufstd A=Al 2012 5974 FH 18U7HA A8ttt w8 ol vhel( Thalictrum

!

o



rochenbrunianum)®} AAF% Vel ( Thalictrum uchiyvaman= 20113 9€24d ol <10 H ot}
(Thalictrum coreanum)™ 20123 99 30| SHEN2E oA AFstAt  sfu|ve]ofA|n]
(Ranunculus franchetin= 2013\ d 5€929¢ 9% 75 t#= AAAANA AFstdct. dn
F 2 (Helleborus orientalis) A= 20133 69 69 A E QoA 2 %3 o)

W ehe] 23t e] EA Y X2 (Trillium tschonoskil) A= 7A71% €944 2 EdoA 641
Ao FSFR L, HUXwH( Heloniopsis orientalis)= 2012\ 59 1699, 23U x|u}
(Heloniopsis tubiolia)= 69 18¥ ] 974t &4 5 (1573m)ol A | &3S o}

Wt A A (Erythronium japonicum) &A= 7A71% Q14 el 2o 5923
of AFeAtt AT T2 = FALS Ao ol AIFAE 7HA e dF UM HEBE
Az, R4S 715_] % 5°C cold-lab chamber (DS-91, Dasol Scientific Co., Hwaseong,
Korea)oll A&l A& w714 Az Bastdo. S99x9 4% 6919 #ES AMstA=
o, A e *X}% | v oA BEold AAAHAA A2 & FAE Ao
H st ok

Fig. 1-1-1. Cold storage of study species. A, cold lab clamber; B, dry seeds within
zipperbag;, C, box for seeds storage.

(2) A dH, 2719 10085 A

AFe TAE] FAE #FYFe & FFAn A (KSZ-1B, Samwon Scientific Co., Ltd.,
Seoul, Korea)2. = W43 g o7 22 EAE FEIAu Ao A uE
T micrometer’} A FHE Hotulzz A WA Ex9) njeo] ZolE =AsPT). A9 v 9
dolE 4 3 $ miview usb digital microscope (MV 1302U, CosView Technologies Co.,
Ltd., Shenzhen, China)E ©]&3] 60-120v& 2 £ WH =S gt =3 e Foly}t

T TR Ao oheketa v Aok Aol7) QlojA, misulE £ WA 2 8T 7 9l
= w(embryo)e} FAH(seed)o] H] &2 E:S ratios AAMsIGth A EAES 10084 3uHE
[e)

o2 100855 AT
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(3) T4 FHAA F5F &4

ol A e S 913 AAde FAES 90x15mm disposable petri dishell ¢ 7% (Whatman No.
2) 291E Z3 benomyl 341500 mg- L HE EF3te] ¢F 1A AE A=ddr. 2% F
T2 AFS F 30" 39E Ao #lX 3] multi-room incubator (DS-13MCLP,
Dasol Scientific Co., Ltd, Hwaseong, Korea)oll /] wjkslact. wigFed> 5 - of
25/15°C(12h/12h), =+ °F 20pmol's "m >t MF F 30U# Wol& S FAlstel, T F
Hel - 75 Atk

7\}3 3¥kE- 0 2 90x15mm disposable petri dishell ¢ #}%](Whatman No. 2) 2" &
g U (20-25°C)ell Al vl Fstie). alFstiaAl 7] Al digh

al =
FREFY FABL AR 245G

AT 1559 100852 thFstAl YeErStH(Table 1-1-1). W3F#e] A x| upe} &4
WXAmE7E 14-19mg A== 7 A AaL, shdol mjvejopain] o] A rF2 wj zppi o
ko] dHA 7 7+ —Urﬂ—‘r TAZ FeEATH
AT 1652 JHskA 7]l thAa Aol dov, sEAoR FA o vl wsg
gole skel & = gth(Fig. 1-1-2). o]gsk m&ujE 223719 oF 7-21% AE H+=
Aoz FAeE Ay 2y o] w2 5Ee Aol k. AE 7)) Baskin 1H -
=AFHS AA A4 F9H(physiological dormancy, PD), dE]% F W (morphological
dormancy, MD), &ej4el% FH(morphophysiological dormancy, MPD), Egl% F
(physical dormancy, PY), Z3% %™ (combinational dormancy, PY+PD) %¢] t}Al 7}113
atlar, Z47ko] FHEY HelA % Zolo wet oy 7HA] BYo R Altststdd
Asms 7 e S5 4 F9 v FJHAE 4 FES Holed, oy
glo] 309 el =] Al wolrt o] FolA = BYS FHAFHMMD)elg shar, A
& e BAEE okt wirh Algetal oy = E‘r‘” S JEiAQl FHEg A

lo] Baxoz 2ggtt sto] FejAdel 4 FH(MPD)ole}t st
El 22 A A ] , 309 el ojiite
I 97 witel e Fuoz BRI £ AdAJAHFig. 1-1- 3) et HHXMTJM
78 A & H o] Haz vpgrjvhe]obAiu], ejm|ve]obayn], 9l 9
g 2 Y EFAE 47Ul He HolatA] dth webA FEjAE A FHoR EFE F
9}\ o H =
=

ro
Rt
ol
(e
1=

Moo &oop
2oy o, 4
2ris
=
;
o HL

of

re
re
-
=2
o)
=
2
oj r
Wi

A8 welslA ekol FHAYH FHow

L Y0 T oy

t}.
mube] ol Al she] Welvhy] 3%} Wakeeute] YA ulel Lo nle] 4
A F2pe] AX7F wolstd o, v dr| ko] 8F A Ao R HA ol g o] thAi ﬁy}—g}{_ 751
Halth o= 2& AMAw WA= FAFES @eEste] AEsE s opA = «1

o} & % Ay, ABAoR Fwwe Ase BE F9 o HTRIFEO +z}7}
A Aol Eels = Al vslE 7hH Al e AR daE .

o oJm glo N
o
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Fig. 1-1-2. Morphology of flowers and seeds in 15 herbaceous perennial species native to




Table 1-1-1. 100 seed weight of 15 herbaceous perennial species native to Korea.

Species Weight of 100 seeds (mg)

1 L. microrhyncha(3+A % &) 4600.4 + 20.22
2 H. orientalis(&d 2 F2~) 1496.0 + 52.58
3 E. japonicum(& d A]) 914.8 + 25.23
4 A. koraiensis(Zo}H|vlh3) 5416 + 12.39
5 A. amurensis(ET %) 469.8 + 6.02
6 T, tschonoskii(Z-1 3 %) 3924 + 972
7 T. uchivamai(A+=+ 2] th&]) 1936 + 5.08
8 T, rchenbrunianum(=3 2 th2]) 185.8 + 3.37
9 P. tongkangensis(-s7 2] 3) 168.7 + 2.90
10 T. coreanum( A ¥ 2l t}a]) 1383 + 0.72
11 A. buergeriana("| &5 %) 112.3 + 0.60
12 R. crucilobus(-5 v 2] o} A 1) 949 + 168
13 H. tubifolia(=-2> | x| v}) 19.3 + 2.26
14 H. orientalis(*1 4 %] v}) 140 + 1.54
15 R. franchetii($}] 7] U}2] o} 2] H] ) -

“Not measured.

Table 1-1-2. Seed length, embryo length, and the ratio of embryo to seed length (E:S
ratio) in seeds of 15 herbaceous perennial species native to Korea. Embryo and seed

lengths were measured using a dissecting microscope fitted with an ocular micrometer.

Mean initial value after seed collection

Species Seed length= Embrvo length
E:5 ratio¥
(mm)
Berberidaceae
L. micrarlymncha 320£010= 023001 0.07=0.00
J. dubia 430=+0.15 038001 0.09 = 0.00
Ranunculaceae
A. amurensis 2552006 0.20+£0.01 0.08 £0.01
A. buergeriana 217+£004 023+001 011001
P. tonkangensiz 260005 0.532+003 020001
R. crucilobus 1.79 = 0.03 0.29+0.02 0.16 =0.01
R. franchetii 1.78=0.03 0.29+001 0.16=0.01
T. rochenbruniaum 542+019 0.50+002 021001
T. uchivamai 349015 034002 0.14=0.01
T. coreayiiom 351007 048+003 019001
H. orientalis 480=0.11 045+£0.02 009001
Melanthiaceae
T. tschonoskii 281006 023001 0.08 = 0.00
H. korearna 5351015 0.12 +0.01 009=001
H. tubjflora 490=0.16 0.16 =0.00 011001
Liliaceae
E. japonicum 4591010 043001 0.09=0.00
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“Seed length was measured with caudal appendage in two Heloniopsis species.
YPericarp in seeds of berries and achenes, and caudal appendage in seeds of two
Heloniopsis species were not included for calculating E:S ratio.

*Mean * standard error (n=10).

100
4 weeks after sowing
80 A
)
§ 60
©
£
£ 40 -
o
o
20 -
0 L Ll L) { | T L) L L ; L L) L) L L] L) L) L) L)
100
8 weeks after sowing
80 -
S
E 60 -
®
£
g 40 1
[
O
20 1 i
0 =
T T T T T S L T T T e T T T T T L. T T T
S P FFE S @ S’ F 5 S
O S CAEE SRS L R S R P C o’ 2’ & R
S T NN L. & e &
£ > S E S S S O
© & & RN &00 S o &‘2“' . R
X3 .’b vo QO (¥) Q" ov« A - . @ % .\
& Vo @ & t¢ A~ <
v Q- &
«.
l | | | | .
Berberidaceae Ranunculaceae Melanthiaceae Liliaceae

Fig. 1-1-3. Percent germination in seeds of 15 herbaceous perennial species native to
Korea. Seeds of each species were germinated under 25/15°C and 12 h photoperiod

conditions.
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Fig. 1-1-4. Water uptake of intact seeds of 10 species as represented by increase in mass.
Seeds were incubated at room temperature (22-25°C) on filter paper moistened with
distilled water for 72h. Vertical bars represent SE. Seeds of Jeflersonia dubia,
Ranunculus franchetii, Helleborus orientalis, Heloniopsis koreana, and H. tubiflora also

imbibed water, but data not shown.
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Fig. 2-1-1. Flowering of Leontice microrhyncha growing in the Hantaek Botanical Garden.

The Photograph was taken on April 12, 2012.
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4 Jun. 2012

4 Oct. 2012 5Nov. 2012 R 4 Apr. 2013

Fig. 2-1-2. Fleshly harvested Leontice microrhyncha seeds (A), Embryo growth (B, C, and
D), radicle emergence (E), and shoot emergence (F) in an experimental garden in Seoul,
Korea. Scale bar = 1 mm. E: embryo, En: endosperm, P: pericarp, SC: seed coat, R:
radicle.
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Fig. 2-1-3. Germination phenology embryo growth, radicle emergence, and shoot emergence
of Leontice microrhyncha seeds sown on soil in an experimental garden, Seoul, Korea.
Maximum and minimum daily temperatures at a depth of 3 c¢m in the garden are shown
for the duration of the study. Vertical bars represent SE.
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Fig. 2-1-4. Radicle emergence percentages of Leontice microrhyncha seeds incubated at
25/15, 20/10, and 15/6 (12/12 h), and constant 5°C after 20 weeks. Vertical bars
represent SE.

Fig. 2-1-5. Maintaining epicotyl dormancy at room temperatures (20-25°C) (A) and broking
epicotyl dormancy at 5°C (B) of radicle emerged seeds, which had been incubated in a
soil from 4 Jun. to 20 Sep. 2012 in an experimental garden, Seoul, Korea. R: radicle, S:

shoot, C: cotyledon.
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2. ¥4 % (Adonis amurensis)

et QAT S4 2HF F o2 Bel /WA Astets Ago] Bizoln
A

Bzt o]2RE39) w0l %% AVE Astels] AXsE B Aol f
A Bl & 5 Atk 53 FFIAE GAT GRS guidnt so] AVt Y Hox
otk ol @ Bzt FAt 2AMFS Bl WA F Arh B AT UL 2w
%2 ol Y@ uh Aok e B A6 B e %

_/'[:.
A AAA 0 55 Oﬂ%@ﬂa} 45
2 %A Foe

)

Az 7 =2AEE

Fig. 2-2-1. Flowering of Adonis amurensis growing in the Hantaek Botanical Garden. The
Photograph was taken on March 24, 2013.
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b2 Ao wle] dols FAHT. wtem A& FAE dFdAu A (KSZ-1B, Samwon
Scientific Co., Ltd., Seoul, Korea)2] 2t ol <& E3 micrometer’} A2tE Hordl=z=z -
StH A FApe) vje] AolE A3t FAkel wje] ZHolE A 3 T miview usb digital
microscope (MV 1302U, CosView Technologies Co., Ltd., Shenzhen, China)Z& ©]-&3a} 60-200
esE 2 RS ZAeqnt Ee 22 Foluate FAo A7|7F et wje] Holw

ZFol7F QoA HlEulE FY WEsHA 29T 4 A= dl(embryo)et FAH(seed)o] H]E<S)
E:S ratios AAFsFA T}

Bk oyl wig 23] o] ol ity FREIAES FAE T ol fFREE AYe
TA= 209 3WtE o2 St TAE Bl dFd & Zgkxy Wow & ¢ 10cm =
gt~g X Eo wjx3tt) wjxd & FEZS Y& ANEZ FHI} & sty AdE A
ol v x]8FHA AL, wj Al7]wjc} Auie] #Es)S] T

(3) WALS 9t 2= =1 7

2010, 2011l AFF FAE AFol AMEsATH 47HA] 2=z FAE s dstHA u)
o] e A#EsA

@ 25/15T

@ 25/15C — 15/6TC

@ 25/15C — 5T

@ 5T

12 Aol A= T dEHYA et A gFakddnh 2 13] 10718 TAE A
A 9ok EdEA MAgS BEEATh 23 A E HEHUS 9ol filter paper 2v1E
Z-al T1 gloll shEeh § i FstH Al ARSIt

(4) o= 93 &% 7 9: move-along test
2011 d ol AFS FTAE A ALE3ATE Move-along test= >t We] 7} Al 2%

& AlEdoldste] FAE wigshs el

Weeks at treatment temperature Move along Controls
12 5° b winter 25/15° summer 5 * 25(15°
4 4 4 b
i 20010° early autumn 5° ° 25/15°
L 1 )
4c 20/10° fate spring 5 " 251150
12 25/15% summer 57 winter 5 ° 25/15°
) 4, ¢ &
4c 20/10" early autumn 5 ° 25/15°
P 20/10" late spring 5 " 25/15°
5

12 5% winter 25/15° summer ° 25/15°

Fig. 2-2-2. The move-along test for evaluating dormancy-breaking requirements (from
Baskin and Baskin, 2003).
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209 3WHEo] FAE 7 AR Adete] ddsilh. dxT= 5, 15/6, 20/10, 25/1
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d SRR A AgE otk A9 F 525 JAHAT

(5) a2l 7]17ke] o] mA= JF

20124l AEgk FAE 25/15Cel 0, 3, 6, 9, 15573 Hgg F 15/6CT=2 &AA F71=2 8F
bowjketitt vkt & ouje] Ar1E FARsEIvh R 2013 k0] AFE FAES 7 69
239, 79 239, 89 23¢, 9¢¥ 28¢, 1 il 10€¥ 3l B=o sFskith 209 3HE o R &
o] 129 27 A= APA= Aok wie] A7E A

(6) A===]g] 7]3ko] olol] M| = JFF
20119 69 19¥0 FA5 Z=o gFeith. AFd TAE 20119 11¢ 169, 129 174,
2012 14 21<, 249 11l =33 5 AgelA 20/10C 23004 wfgskdet

(7) AL (GAy) A& &% FHe

GAsZ 0, 10, 100, 1,000mg - L' %= 29 A % petri dishel F3&te] 5C, 15/6, 20/10,
25/15Cel wjFstAct wgetHA 737 E 7 (pericarp dehiscence) ¥+ HE9F ol &S X
Abatth. 283k FA45S 90x15mm disposable petri disholl ¢ 3% (Whatman No. 2) 2vjZ
Z-31 benomyl F3HAI(500 mg- L HE EF&o] & 1A A% 25800 &5 §F THRFE
AEgt & 309 38HE &d9e] wiAste] multi-room  incubator (DS-13MCLP, Dasol
Scientific Co., Ltd., Hwaseong, Korea)ol Al #j sttt wj7] o] F %= oF 20umol-s '*m 2%

o,

Q) &47=

AAGE ol Ao widEyl ol FAFS A ulolElet vlu, FA §H7] flske] HlolH=EA
(Model 450, Watch Dog, Spectrum Technologies, Inc., USA)S »=Ao] A X]3te] 7] AF3st7 3}
A& 71 5edth. 2EAME FAeF vlzgk Zlojo] E8la W) 30&vt &7 V| SHESE
stk 7123 Ao HA, HA2EE AAtstaTh

SRR I B

Brz e RARAA GeEe AR VY5 245 A4S
SITh(Fig. 2-2-3, 5. F4 -] Fest mg%ue] 7] 2010, 201149 1%
Gl el 98 BAYE 2FH Aets] AACHFg 2-2-3, 5). et o] 711E
ok wlel e vluda, 109%e] HUA mEa F3 e Azstgch HYTRE 12

Z Afojoll tiF-iEe]l FAke w7l s ATt ARG E Ol A Bl e] S Eojm ZupE o}
abAl ke, olFal 29BN wolrp A AE o] 3¥o] g FA7F Woletglar, 49 %
Ao FEEAS T F Ak b AAxddAAE mlse T A5H e e
7hEAE Y T2, olojA = AgH ALTV|E Ak wotstal RV TS & sl
A oA 7+ 2xd 2 wjekstua wjeds xALEl =, 5, 25/15Col A Alg wikdk 7
o= wete] mu|std e REA) 25/15To A 5C =& 156TCT=2 T2A5 &4S d wddol
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w&e FAHAHFIg. 2-2-7). 2 wpEE2 I56T2 &4 o o hgHor dddin
v S A F dAT o] F Fote] o FH 1&7] o]F 9 oJojR = M-S HY FRo] &
Hj7F AdstEd 8%t AS & = JATE Move-along testoll A& EE ©Yd 2=z
o A= Aol wolstA] eFSkul(Fig. 2-2-8), 53] 25/15C9 202 AlZste] & A o
Fol 5T7HA Wit o] Fo thA] JAEe 15/6TCE FAE ol sstiA Wol&o] F43] F7t
st ARE Fotd, ez A FHS gAY A E 1 - F o A2 59
GAA Wk deAds & oA

T2o R o]Faly] oM, Arpzte w2l "BadhA] dopr ] 93 HAFA 25/15T
o HA 65 ol A F /1S 15/6TE o] sdlok 31 (Fig. 2-2-9A), =9l 35310
B Ha 89 ' ool FFeof tgHom wjwtgoe] S H I FHo] EuETE AS &

A3k oH(Fig. 2-2-9B).
Agde] ALitel Faestel Ao Qed, vk o A A7 19 1625 oD
w Al7)e] Aol FEHEAE ol gkrh(Table

O

2-2-1). 43 23, 14 219 ¢gAs
-5 82% Wolatdth. weld 19 %olA 29 % Alolol 231 ¢l Fwlo] ElutE 7] Y A0
HE= Aoz oy

= d9H o ® gy 7]7] f18 GAE A st thFig. 2-2-10, 11). FA 2ol A+= 16
7} Holx Hu g} wrolr} BEE =] ekkt) whdel GA A el Hud e} ol
ZhE ek 2y sl webA tha zbolzt A=, 53 GA 100, 1000ppm A 2] -l A]
B G FRAEAT a2y wopgS wek=d], 100, 1000ppm A 2T 2T 10% %= = A eF
st weEkbd GA Age FHS A7 B owk GA ATl e Uit Fx19
go1d = JdE=d(Fig. 2-2-11), ol GA A7l FHEISRE 93 2

I ol

ofy

o

il
%]

N

= - A2 2% Tl 1271E gAstE 297 9SS 9o
¢ ARES FIA BEFx A= FHAE A FW(MPD, morphophysiological dormancy)
o] FPoR FHET F AT ES wjddo] oJFH] ALV E AP & IS H F27]9
w&5e] AlFsteE S Foto], e AEHA adA FHETE AS ElsAT o &
- 1

o
S 34 simple typee] MPDZ ® /% 4 Utk Simple MPD+= FHEN}E 93t =%,
w7 Agte 2% GAXZ wE Fd Frieel wel oAl 672 Ue 5 vk (Fig.
2-2-12). ol HFHFYE <, I : 7% intermediate simple MPD$}
deep simple MPD®= & 5 Sl FrHo] Bhad = A5 AAE, FUs
EFA 714 Feke A9E AR ERdo wabd 55 % T2 deep simple MPDE #5F
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Fig. 2-2-3. Mean weekly maximum and minimum soil temperatures and penology of
embryo growth and germination of Adonis amurensis seeds buried at a depth of 3 cm
in 2010. Vertical bars represent SE. The E:S ratio is the ratio of embryo length to seed
length.

9 Aug. 2010 30 Aug. 2010

17 Nov. 2010

20 Sep. 2010

5 Jan. 2011

28 Feb. 2011

Fig. 2-2-4. Embryo growth and radicle emergence of Adonis amurensis seeds kept outdoor
in Seoul, Korea in 2010. Split pericarp (dehiscence) was observed from Nov. 2010. Scale

bars are 1 mm. Em, embryo; En, endosperm; Pe, pericarp; SC, seed coat.
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Fig. 2-2-5. Mean weekly maximum and minimum soil temperatures (A) and penology of
embryo growth and germination of Adonis amurensis seeds buried at a depth of 3 cm
in 2011. Vertical bars represent SE. The E:S ratio is the ratio of embryo length to seed
length.
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Fig. 2-2-6. Embryo growth, radicle emergence, and seedling emergence in seeds of Adonis
amurensis kept outdoor in Seoul, Korea in 2011. Scale bars are 0.05 mm. Em, embryo;

En, endosperm; Pe, pericarp; SC, seed coat.
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Fig. 2-2-7. Embryo length in seeds of Adonis amurensis as affected by temperature
treatments. Seeds collected in 2010 (A) and 2011(B) were used for embryo growth
study. Vertical bars represent SE.
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Fig. 2-2-8. Germination of Adonis amurensis seeds incubated under a constant temperature
or a temperature sequence beginning at 25/15C or at 5C. Seeds collected in 2011 were

used for this study. Vertical bars represent SE.
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Fig. 2-2-9. Embryo length and mean percentage of seeds with a split pericarp in seeds of
Adonis amurensis as affected by warm stratification period (A) and burial date (B),
respectively, in a open field. Seeds were warm stratified at 25/15C for 0, 3, 6, 9, or 15
weeks and then moved to 15/6C. After 8 weeks of incubation at 15/60C, embryo length
was measured. For the effect of burial date on pericarp dehiscence, seeds were buried
at five date each in 2013 and a split pericarp was observed on 27 Dec. 2013. Vertical

bars represent SE.

Table 2-2-1. Effect of exhumed dates on germination of Adonis amurensis seeds. Seeds
were collected on 22 May in 2011 and buried in a field soil on 19 Jun. 2011. Exhumed
seeds were incubated at 20/10C and then germination percentage at 2 and 4 weeks of

incubation was calculated.

Incubation time (weeks)

Exhumed dates
2 4

2011

November 16 0.00 b= 0.00c
December 17 0.00b 11.11c¢
2012

January 21 26.67b 46.67b
February 11 76.67a 8222a

“Germination percentages followed by different letters in a column indicate significant

differences at P < 0.05 (Tukey’s honestly significant difference test).
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Fig. 2-2-10. Effect of a 0, 10, 100, or 1000 mg-L ' GAj; treatment on mean percentage of

seeds with a split pericarp (A) and mean final percentage germination (B) in seeds of

Adonis amurensis after 16 weeks of incubation at four different temperature regimes.

Seeds collected in 2011 were used. Vertical bars represent SE.

e,

Fig. 2-2-11. Seed morphology without (A and C) or with GA treatment (B and D) in

Adonis amurensis. Outside appearance (A and B) and longitudinal section (C and D) of

the seeds treated 0 or 100 mg-L ! GA; were observed at 14 weeks of incubation at

15/6C. Seeds collected in 2011 were used. GA increased the rate of embryo growth,

but it did not substitute for cold stratification. Thus, no or few seeds germinated at

spring temperatures (15-207C).

_39_



Fig. 2-2-2. Nine types of morphophysiological dormancy (MPD) and temperature or

temperature sequence required to break them (from Baskin and Baskin, 1998, 2004,
2014). This table was slightly modified from Baskin and Baskin (1998, 2004).

Temperature required= GA
Type of MPDY o broak Xt tine.of overcomes Example
seed dormancy  embryo growth dormancy

Non-deep simple WorC W += Thalictrum mirabile
Intermediate simple W+ C W 1 Arailia mandshuria
Deep simple WwW+C W +/- Jeffersonia diphylla
Non-deep simple epicotyl W ? Viburinisin odoratissimuim
Deep simple epicotyl W+ C +/- Asarum canadense
Deep simple double C+W+C W ? Trillium camschatoense
Non-deep complex W+ C C e Merendera montana
Intermediate complex C C + Sambucits spp.
Deep complex C C - Arconitum napellis
specializel type oF desp W+ C W ? Hydrastis canadensis

simple epicotyl

"W, warm (> 15C) stratification; C, cold (0-10C) stratification.
YMPD, morphophysiological dormancy.

*+ yes; +/-, yes/no (GA substitutes warm, but not for cold); -, no.
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wAo] BT W TEZ Aol wo FAS

sem 479 o WIEE o= X A¢ T 2AE FFAYG HE F AT WIE
Aol ATk T WA FA FLE 2AS
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450, Watch Dog, Spectrum Technologies, Inc., USA)E X=X AXA|ste 7|43 A3} A&
7] Z-3F S T

3) " B A 2= =4 ?L‘jé‘

15/6C, 20/10C, 25/15C¢ W73 5T, 20T, 25TC9] g0 oZ vro] njekstaA
= v o] dolE 43S th 90x15mm disposable petri disholl ¢ 2] (Whatman No. 2) 27
2 7Z+il benomyl F3A(500 mg-L HE EF38te] oF N AL 25T &A% 3 SFH{HF
2 AHE% & FAE ZA4sle] multi-room incubator (DS-13MCLP, Dasol Scientific Co.,
Ltd., Hwaseong, Korea)ol A ®j &ttt 3% <F 20umol-s '*m St

gk £ 15/6C, 20/10C. 25/15Cel wj%stitt. 45 &

A 3 A
o vhF wolg e EASHAT M 24 st BAsAL

(5) A MR (GAz) A 2]7} Eopol] m A= FF
GAsE 0, 10, 100, 1,000mg - L F%== 1d A& § 5T, 1567, 20/10C, 25/15Cel i<
sttt Add FAES A AP L =300A w3

oh A R 33

MEEEFAE 45 GA FA2/9 oF 11%AE 2719 ng%5E e Hn At
(Fig. 2-3-2). o] vl Adejoln 55 & 2vpz Aes] Agstel, 257 4= Fol o
wol w%u7h 4% ATHFig. 2-3-1. Wb AREA ez welelr] AAedm, el of
oA Al e Fol e FE/ F@HGL

S ew wdel wE wwe 4% Ad 25/15C, 25CHA MRl %25 ArkFig.
2-3-3). el F& 0% AS, FELEAAEL 25/15C or} wRge i A5
2Ae Hod + A, olF Bate] A neEe] MEHE HHAT Y FaGe
o % sitt.

2ol npe wold AW A3, 25150 G BTNA Wobge] BFH uH, T 20T
9 20/10Cel AL wolbgo] SrolAT 5, 156TAAE Ao wolalx okt ek B f
of W& AdAF 25/15, 20/10 H 15/6Te Ee WexddAds F9 fFio] e wols A
o7 A% Pelort, Ge 28 25, WTANE Shxa2] okl i vl it

AFAESL 25/15CoA nLEHA T F 2515, 20/10, 156CE Al &7 wjgad A3
53], woprk A9l ok HYUW 156CANE Wobgol S8 AL FAstArh GAH 1Y
A= S9, ol YHOR Uk W10, 156T) Yol GAAlel Sl B0 S
A% FAstark olud AEe W neSAAe st GAHL} FA e )%l
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Fig. 2-3-1. Mean weekly maximum and minimum soil temperatures (A) and penology of

embryo growth and germination (B) of Agquilegia buergeriana seeds buried at a depth
of 3 cm in 2011. Vertical bars represent SE. The E:S ratio is the ratio of embryo

length to seed length.

4 Jul. 2011 10 Jul. 2011 16 Jul. 2011 22 Jul.2011 28 Jul. 2011

Fig. 2-3-2. Embryo growth, radicle emergence,

and seedling emergence

5 Aug. 2011

Seedling emergence

in seeds of

Aaquilegia buergeriana kept outdoor in Seoul, Korea in 2011. Scale bars are 0.05 mm.

Em, embryo; En, endosperm; Pe, pericarp; SC, seed coat.
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Fig. 2-3-3. Effect of constant and alternating temperature regimes on embryo growth In

seeds of Aquilegia buergeriana in 2011. Vertical bars represent SE.
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Fig. 2-3-4. Effect of different temperature regimes on seed germination after 4 weeks of
incubation in Aquilegia buergeriana under light (12h photoperiod) (A) and constant

dark conditions (B). Vertical bars represent SE.
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Fig. 2-3-5. Effect of warm stratification (WS) at 25/15C on germination of Agquilegia
buergeriana seeds. Seeds were warm stratified for 7 days before being moved to 15/6,
20/10, or 25/15C. Vertical bars represent SE.
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Fig. 2-3-6. Effect of GA3 and temperature regimes on germination after 4 weeks of

incubation in seeds of Aquilegia buergeriana. Vertical bars represent SE.
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450, Watch Dog, Spectrum Technologies, Inc., USA)E X=X AXA|ste 7|43 A3} A&
7] Z-3F S T

g TR QA B £x 20 WFsin], 49 1A
olF A3 5T, 15/67C, 20/10TC, 25/15TC =% wjgstAi i, 3

(4) exze] w2 ol
15/6C, 20/10C, 25/15C, 30/20C¢] W2xx3 5T, 15T, 20T, 25TC9 &F2xxo=
of WFEAM 69 FAOE WoleS F 9

F7En L F21= 5979 U*]Exﬂ o A gy 7] wEo, o]F oFHe u27|E A=t
weha o] EFcte] 127]7F Fxpdtolo] ojuw et JgFS un| =% LolH iz 25/15TCo| 6U3F
g s = 15/67T, 20/10TC, 25/15C 2] %o ujFstslct.

(6) AWM= A7} ol m2]= J3F
GAsE 0, 10, 100, 1,000mg - L' #%=2 19 A3kl 5C, 15/67T, 20/10C, 25/15C v
stAch A FAES 90x15mm disposable petri disholl ¢ #}2] (Whatman No. 2) 2vj& 72
3 benomyl F3HA(500 mg- L HE EF3te] o 1A AE A%sAT &% F ZHFFE A
ek 3 209 39kE A d o] wiA5Fe] multi-room incubator (DS-13MCLP, Dasol Scientific
Co., Ltd., Hwaseong, Korea)oll A wj <&ttt 3=+ 9F 20umol-s '-m *$t}.

o As 2 az

A elol Aol ke, wol B fuEAS A
ole] °F 20% AEHo =X =
thoo] 5 12dA47F HAS w wj ¢
129A7F HAaA 543 F7hske] 1894 oF 80%9 FA7F Holstdth FEEHES 94F 124
ARE Em A% FE00) o a7 A% F oy 2@e

o

(Fig. 2-4-1, 2). ]4 W= 2214
o)} 2=

Fee Agae

R=)

r>, oly
o
(@)
jii4
o
N
Hoxt

Cwebd BRENE
Ao B35 AT FA MG ExelA BHHOE FrgHY el

A

S Eol A FHEAES e Aem AdHAY. oY g I% =

(Fig. 2-4-2). 127 vjdo] 7o b, 18dA o= dF FAE]

HEAE 328 5 stk

7ol 2w 2=l e FFS A TH(Fig. 2-4-3). ZEol M Hi= npol 2

1 25/15°C, 30/20C 9] ar2olA witeo] ZXH AT Wb, =7} Yold s o] X

He e sttt A AddEel A= 5ol FAVE BASA A GeElE o], o] o
=3 of =utz wirp Ak, wolst= Ao dAdhE

2ZxAoE g EEsty Hﬂoc]:ﬂi’ h(Fig. 2-4-4). 32 =Y 45 15-25T1r

e Foldth. MExddAM= e Fe B,

O,
~

(o



il

25/15C7H A= 2%7F mopAHA wolgkx ozl ot 30/20C el = wolfo] HojHTh

>z A

o
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(Fig. 2-4-5).
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Fig. 2-4-1. Mean daily maximum and minimum soil temperatures (A) and phenology of
embryo growth and germination (B) of Pulsatilla tonkangensis seeds buried at a depth of 3
cm in 2012. Vertical bars represent SE. The E:S ratio is the ratio of embryo length to
seed length.

Seedling emergence

—
—

1 Aug. 2012 7 Aug. 2012 13 Aug. 2012 19 Aug. 2012 10 Sep. 2012

Fig. 2-4-2. Embryo growth, radicle emergence, and seedling emergence in seeds of
Pulsatilla tonkangensis kept outdoor in Seoul, Korea in 2012. Scale bars are 1 mm. Em,

embryo; En, endosperm; Pe, pericarp; SC, seed coat.
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Fig. 2-4-3. Effect of temperature regimes on embryo growth of Pulsatilla tonkangenesis seeds

in 2012. Vertical bars represent SE.
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Fig. 2-4-4. Effect of different temperature regimes on seed germination after 4 weeks of
incubation in Pulsatilla tonkangensis under alternating light (12h photoperiod) and constant
dark conditions. Vertical bars represent SE.
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Fig. 2-4-5. Effect of warm stratification (WS) at 25/15°C on germination of Pulsatilia

tonkangensis seeds. Seeds were warm stratified for 6 days before being moved to 15/6, 20/10,
or 25/15°C. Vertical bars represent SE.
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Fig. 2-4-6. Effect of GA3; and temperature regimes on germination after 4 weeks of
incubation in seeds of Pulsatilla tonkangensis. Vertical bars represent SE.
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5. vt vl ol A v, vl o} A v| (Ranunculus crucilobus, R. franchetii)

=
Fal S} 4590 Ao o] Wu AEA L AV|7} Fa Fo] qmug 2o G2 s R
o Ao 2ERAZCRZ vl§ FL Atk ukuugolAnl = AFE ik A
uk . I
AEe Fol Ae =
gt Hao] B3 Fr7E A3 Qe FEE B A7 sE FAUYE T NE2ARE AA
O

(1) A=A

uRe v oAl H]) FAbE 20129 5€ 30, 69 14
FaTh eimlygobain] Fake 2013 549 200 A4 5
el FAE gElE =, Axded "ojd FAE Fgste] Al ARgsidth AF
AAA WellA 157 A% F5A2 5 5C A4 a0 Bastds] Ao A&t

olr

ol ;Fé

Fig. 2-5-1. Flowering of Ranunculus crucilobus (left) and FR. franchetii (right) growing in
the Hantaek Botanical Garden. Photograph was taken on May 15 (left) and April 18 in
2012.

(2) AAgEN A i, ol 9 fuEd B

Hhg mupg] ol n] FxkE 201249 849 169, 2013 7€ 23U A&t HHd A 2k E
A& AL E}Z“S‘Poﬂ‘:} 94]1:]»}3]0}1]]1:1]{— 013 79 23l sFetqArh 40078 A= T3
5 dd& HE 3F Aol Fol =A o ot wig 1-23] 10-2071¢] TAE A
AAZ 7HA et dto =z XP% 25 853 F (KSZ-1B, Samwon Scientific Co., Ltd., Seoul,
Korea)9] Zddlel &2% 3 micrometer’} &2hd Hetdl ==z @A Fx9 wjo dol&
=43t 2ol mje] ZdolE =4 3 % miview usb digital microscope (MV 1302U,
CosView Technologies Co., Ltd.,, Shenzhen, China)E o] &3] 60-200v& 2 2 WHiE
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@D 25/15TC

@ 25/15C — 15/6C

@ 25/15C — 5T

@ 5T

® 5T — 25/15TC

e s fol filter paper 2v]E Z3 1 fo| 3Fd T wjgsHA FASIAT. BEE
=% ZAANA B 12h o7 FAEA

(4) Tol= 93t 2% A 41 move-along test

Move-along test™ &% A9 A@o|Aef o] 6714 ==x2S AEste] AT
209 3HtEo] FTAE 7 A gdE R A"HEle AEstan. x4+ = 5 15/6, 20/10, 25/15TC
S AI®3Y L, move-along HEZA 5T ALH 5= AZste 49, 25/15TC 53
L2 AAEE AHETE FA

N

(5) AeA e 71zko] o] MAE

upslEl e ok Au] A= 5Cel 0, 4, 8, 1257 AL F 25/15Ce] wFsA wolg
zAbsk T shulvkelobalul el A%, A dEel 79l HEF FAsk she Ao Wolshav
BA dold FAT NEFUEL ANEAE dolrr] A, AAAHAA Lol FAES
gaz 7HAS MFHUA FRED FTE

1 & o

(6) AW HAH(GAy) A& &3 FHET

2012l AFF FAES GA3 0, 10, 100, 1,000mg - L' =] 19 A=A A3 F 5T,
15/6, 20/10, 25/15Cel| wiLFstdot. v st A 337} & 7] (pericarp dehiscence) ¥ & A =9}
ol &5 AP EE. E3E 2013 o] AFS FTAES GAA ¥ T ol Y2} fluridone 20ppm,
fluridone 20ppm + GA 100ppm °ll A #st3ith A2l FAES 90x15mm disposable petri
dishell ] ¥} %] (Whatman No. 2) 2wW|& Z 11 benomyl F3A(G00 mg-LHE st ok 14]
AR A9 45 & =342 A" T 30" 3wkE Ao ufx st multi-room
incubator (DS-13MCLP, Dasol Scientific Co., Ltd.,, Hwaseong, Korea)oll 4] w3}, v <
719 #=+E ¢F 20umol-s ' m it}
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(7) 37371 =

AbAZG el A o] wabd ) wdhol FAFS S dlolebe} A Ety] f1ke] H o] H 271 (Model
450, Watch Dog, Spectrum Technologies, Inc., USA)S Ao A X 3lo] 7|43+ 3} %] 2&
71 E3t At EAAE TS vl ol Ea v 30wt %7 V| EHEE S
7123 Aol HAA, HiEE ALt

ooAdx 2 uF

Aot obAiH] S AF Al Al Hls vl 22 wjE ZhA A A TH(Fig.
2-5-3). o] msHl= A5 A2V E Aua ke HoEs 99FE =T Aebr] Al
259 tH(Fig. 2-5-2, 4). A& E0ke] AL7|7t Sotom XL oz AGeHa o
it AZo] e SEtrbAA FE58] Aebr] AlAsAT wizE o ARt o] $of] 3EFH
ofetr] AlAetlal, 3ETHY 49%x Apold tiFEo FAVE wHE A (Fig. 2-5-2,
5)

ully
:(I>l:
[\]
e
T oy

fujvtefobAin o] A= mpeivivelobAni el A8 tE Fde HolFUAnk(Fig. 2-5-4, 5).
grjvtefobAul o] vsul= o FHe] A7 E AP F bl Hol== 9€o] HHA A
71 At sy vpeiuiuElopain ok @l A d e A7l Holsol o]l 10d
-1 Zofl vl=mule] Aol A H AL, ofol M EmtR delrp Ao 11d 2= W
o A Hotalnt. wotd o] Fo A&He AL7IE Aval o5& wel R Edst
At
aRe vk op A o) S-S vhgE %*iﬁoﬂ wjFsha s e Alshs S B
&t th(Fig. 2-5-6). 25/15Ce] A &FH oz wjFet Ae -9k 25/15Tel wjFstttzt 156TC E=
5CE o]&d Aol wje] Aol Ax P‘Eir/}. a2 5Tl AEH oz wigstAL 5T
of 853 wiFstrhrt 25/15C= o]&dk Aol = el Aol ZAE A, 23y F+ A
o= T4l ztol= gl wheba] mpejujupe]opAu] o] mgujo] NS A2z A o
AUE Aoz FAH AT
Bk ofyet, mifiuuE obAn o] TS vhefe ==zl widketE A wolas EAEA
tH(Fig. 2-5-7). 53] 5Cel 1053+ wjgsttb7t 15/6, 20/10C 2 A2 225 85+ AgT
ol A Eolgo] Ae gAsdtt. T3k 5T wiFgt Aol = 125 o] &4
dom Frbsks As gdsdvh webd Sk FREgE s AR
o] Aol =XEwA Al Fo] BlutE o} o] -9
(3]

I

lj

O

M‘:‘r(Flg. 2—5—9).
vrgmthe] ol e E2E GA9 fluridone T = 234 )3t th(Fig. 2-5-10). GAS
Zo7 Ay 4% 1000ppmol Al 30% m| kel e S By 238y fluridones ©

(A



Aot GASH £ AT 4%, wobio] 4T3 olrrh o] uhein| el An] FA
Fuel QoA U4 ABAZF Zol melstn 9lge AlAb@

uksi el ikl ob Al o] F b 5717 A8 LAt Bl A B FA
Gl AezAdA AFFAT. 2o GA AE FUe dels) BRA7A Zaar.
Aol Ase Fohel uhsimuhlobalulel FA: deep complex MPD(FE| 4 4Fu)%
)

o
)
o

& F AAn olgk= G, v olAn o A, mlsuE e S 5 HY 127
& A F 7hEE] F27)0 HolEoloF wirk Aebal olrh HlTh et dolyl o] o
L AEHEY FHAJA A2ATE FRkEolof AR FHE AL F e vWiSsFH
S 7R =, o3 E A2HES E3519] deep simple epicotyl MPD® ExF5H o] 95
TR AT geA T BF A gYE o5l Hl=s A7 FEE E3 A
AR, FAFAS et Adefo] Holsittes AS Rl il ol Fohe] b=

AAFE) FAFEe] Bettis A AT 5 A
Seut gl el Al o] AS, FAE FRS Fustsd 393 oldgel dofA, 25 o
P LEAY L GA AYE BF WolEHA el FAHoz AFHofol & Aotk
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Fig. 2-5-2. Mean daily maximum and minimum soil temperatures (A) and phenology of
embryo growth and germination (B) of Ranunculus crucilobus seeds buried at a depth of 3
cm in 2012. Vertical bars represent SE. The E:S ratio is the ratio of embryo length to
seed length.
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Fig. 2-5-3. Embryo growth, radicle emergence, and seedling emergence of Fanunculus
crucilobus seeds kept outdoor in Seoul, Korea in 2012. Scale bars are 1 mm. Em, embryo;

En, endosperm; Pe, pericarp; SC, seed coat.
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Ranunculus crucilobus (A) and R. franchetii (B) kept outdoor in Seoul, Korea in 2013.

Scale bars are 1 mm. Em, embryo; En, endosperm; Pe, pericarp; SC, seed coat.
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Fig. 2-5-6. Embryo length in seeds of Ranunculus crucilobus as affected by temperature

treatments. Seeds collected in 2013 were used for this study. Vertical bars represent SE.
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Fig. 2-5-7. Germination of Ranunculus crucilobus seeds incubated under a constant
temperature or a temperature sequence beginning at 25/15C or at 5C. Seeds collected in
2013 were used for this study. Vertical bars represent SE.
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Fig. 2-5-8. Percent germination of Ranunculus crucilobus seeds after 4 weeks of incubation
at 25/15C as affected by 0, 4, 8 or 12 weeks of cold stratification at 5C. Seeds collected
in 2013 were used. Vertical bars represent SE.
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Fig. 2-5-9. Germinated seeds (A) on 14 Nov. 2013 in a field and the seeds (B) incubated
for 80 days at room temperatures (20-25C) after moving them to laboratory in Ranunculus

franchetii. Although germinated seeds in the field in autumn were moved to warm

temperature conditions in laboratory, no seedlings emerged after more than 100 days. Seeds
collected in 2013 were used. Vertical bars = 2mm.
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Fig. 2-6-2. Mean weekly maximum and minimum soil temperatures (A) and penology of
embryo growth and germination of 7halictrum rochenbrunianum (B) and 7. uchiyvamai (C)
seeds buried at a depth of 3 cm in 2011. Vertical bars represent SE. The E:S ratio is the
ratio of embryo length to seed length.
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Fig. 2-6-3. Embryo growth, radicle emergence, and seedling emergence in seeds of
Thalictrum rochenbrunianum (top) and 7. uchivamai (bottom) kept outdoor in Seoul, Korea

in 2011. Scale bars are 0.05 mm. Em, embryo; En, endosperm; Pe, pericarp, SC, seed coat.
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cm in 2012. Vertical bars represent SE. The E:S ratio is the ratio of embryo length to
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Fig. 2-6-5. Embryo growth, radicle emergence, and seedling emergence of 7Thalictrum
coreanum seeds kept outdoor in Seoul, Korea in 2012. Scale bars are 1 mm. Em, embryo;

En, endosperm; Pe, pericarp; SC, seed coat.
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Fig. 2-6-6. Embryo length in seeds of 7Thalictrum rochenbrunianum (A), T. uchivamai (B),

and 7. coreanum (C) as affected by temperature treatments. Vertical bars represent SE.
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Fig. 2-6-7. Germination of 7halictrum rochenbrunianum seeds incubated under a constant
temperature or a temperature sequence beginning at 25/15C or at 5C. Vertical bars

represent SE.
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Table 2-6-1. Effect of a cold (b or 1C) stratification period on germination percentages

seeds of three Thalictrum species. Stratified seeds were incubated at 25/15C.

Incubation time after warm and/or cold stratification

Stratification weeks at

(weeks)
25/15%C 3¢ 1% 2 4 6 12
T. rochenbrunianum®
0 0 0 0.0e 11c 122% 422%0
0 4 0 89 8 abc 90.9 ab 932a 96.6 a
0 8 0 792 cd 947 ab 947a 96.0a
0 12 0 954ab 954 ab 954a 96.6a
0 0 4 79.8 bed 846b 881a 905a
0 0 8 67.7d 942ab 942a 942a
0 0 12 94.2 abc 96.5 ab 97.7a 97.7a
6 12 0 9%5a 988a 988a 988a
6 0 12 94 3 abc 989a 989a 989a
T. uchivamai
0 0 0 00c 00e 444 11.1e
0 4 0 84c 27.0d 335¢ 36.7 de
0 8 0 664 a T44a 77.1ab 77.1 abc
0 12 0 563a 70.7 ab 72.0ab 73.1 abc
0 0 4 T4c 50.0 be 56.7 be 61.1 bed
0 0 8 232b 368 cd 405¢ 4164
0 0 12 12.1bc 398 cd 519hbc 519 cd
6 12 0 555a 76.0a 77.7ab 84 0ab
6 0 12 684a 875a 886a 886a
T. coreana

0 00¢c 00¢c D0c -

3 150b 183b 183b -

6 690a 778a 778a -

9 705a 816a 816a -

12 721a 908a 90.8a 2

“Seeds collected in 2011 for 7. rochenbrunianum and 7. uchiyamal and in 2012 for

coreanum were used for the stratification experiment.

in

T

YMean separation within columns by Tukey’s honestly significant difference test at P <

0.05.

Table 2-6-2. Effect of exhumed dates on germination in seeds of three 7Thalictrum species.

Buried seeds were exhumed at each date and then incubated at 25/15C. Germination

percentage at 2 weeks of incubation was calculated.

Germination (%)

Exhumed dates
after 2 weeks of incubation at 25/15°C
T. rochenbrunianum?= T. uchivamai T. coreanum
September 0.0 0.0c
October 16.1b 0.0c
December 97.8a 64.4b 77.7a
January 91.7a 85.5a 84.7a

’Seeds collected in 2011 for 7. rochenbrunianum and 7. uchivamai and in 2012 for 7.

coreanum were used.

YGermination percentages among the exhumed dates followed by different letters indicate

significant differences at P < 0.05 (Tukey’s honestly significant difference test).
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Fig. 2-6-10. Effect of a 0, 10, 100, or 1000 mg-L ' GA; treatment on mean percentage
germination in seeds of Thalictrum rochenbrunianum (A, B, and C), T. uchiyamai (D, E,
and F) and 7. coreanum (G, H, and 1) after 4 (A, D, and G), 8 (B, E, and H), and 12 (C,
F, and I) weeks of incubation at different temperature regimes. Seeds collected in 2011 for
1. rochenbrunianum and 7. uchiyamai and in 2012 for 7. coreanum were used. Vertical

bars represent SE.
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AP Yol A 1F AR F5A A Agel A-gatqd.

N
o
o1
(@)
)
o
2
o
=
=
@

Flowers (2012.03.19.) Fruits (2012.06.10.)

Fig. 2-7-1. Flowering of Helleborus orientalis growing in the Hantaek Botanical Garden.

(2) AAGE oA e ol B FEESH S

A B F2 T2 20139 79 29l At A7 Aol sFekddth of 4007 B e
TAE & FEA 3Fdd F Ao ol o =3k wig 1-23] 10-2071¢ TAE&
AgAz 7t dtog (2 FAE FHFAnH(KSZ-1B, Samwon Scientific Co., Ltd.,
Seoul, Korea)9] #gthel <el= 1 micrometer’} F2e Hetdl =z #AzabH A Z219 v
dolE ZHA3At. FA9F W] HdolE =74 3 F miview usb digital microscope (MV
1302U, CosView Technologies Co., Ltd., Shenzhen, China)& ©]&3] 60-200u)& = EA} W4
5 293tk
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Wb ohUel, g 28] o4 wolddw FEEELS
A 209 3MEow sttt £A4E wd HEW F Hehay
g zEd wASAL AT F EES ddE FED FA

BAskla, v Al7ekeh Ao B2s it

(o,
=2
o

Biz FAE 45U 1278 AA Ferl= ZhaA sk G458 A Aol
#orste] 25/15C ] ol WSt FH2 Ao F& 29 156T o Eate] WFd F )
wee #asgn

@ 25/15C

@ 25/15C — 5T
@ 25/15C — 15/6C
@ 5T

® 5C — 25/15C

(4) Pol& 93 =& x
Move-along testi= &
A e ste] AstATt.

7 +9: move-along test
Tx A D urgu v olAinie] A A e} Fo] 6714 EEFAS
NHE o] 222 7 e AEdEE AEste] Adstn gExTE

[N}
(@)
iy
w
o O

5, 15/6, 20/10, 25/15CE A B3t 3L, move-along HE|ZA 5T A&H 252 AZste 4
T, 25/156TC9 A53d 252 A&t HgTE FATh
(5) L= 7]3to] Wopo] m A= FIF

71 AP o]E-e ;ev|zte]l nAdLue] FHS ElRAl =Y FastE HS 89l
shATh wekA 25/15Cel 0, 3, 8, 1253 Aglg 5 15/6Te] 7Fed 5o wjdatiA o}

&2 259

(6) A MR (GA) AE 3 FHEr
AEF FAE GAs 0, 10, 100, 1,000mg - L' s%el 19 A Ay F 5C, 156, 20/10,
25/15Cel viFatdeh. o8 vlg =312 old FAE AL =3 T

(7) A7) =

AA G Ef ol A o] wbeEa) kol FAtS A ol ERel Bl EA EHY] f1ske] dl o] H 2 A (Model
450, Watch Dog, Spectrum Technologies, Inc., USA)E Ao A Xslo] 7|43 3 %] &&
7153ttt 2EAAME TR vl Zlolo] £ 3 v 30wvitt %7 VS HES S
7|2 Ao HA, HuexE ALsT
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= ATde A9 A3, Fol Mstete B2 s34 23FES A 2YEHL ol =
o fFHE TdAN7I= Aoz AdHUY. YRFA FAE W2 AIE BHoFAY. 7Y
of AT FAS Do AT, 5L L27E A 7HeEe] T2V Hol=
= 99 TANFYH w7t 2a54 A Alzbeksith(Fig. 2-7-2). ol % 10€-11€0] w7} 5579
sk, 114 soddds A g=sdn visazr o A Al 11d ss4d< 714
o= wotsly] Alztete] 1149 THE 129 o iFEe FA7F Sopein. 1y FHEH
< HERA okt Ao 1 ArzkE A 5 olgdl 39 T R 29k 44
Ao g fE7F FdeAthFig. 2-7-3). meEbA FA7F gElE Foll 1071Y A=
o] 1 7)3ko]l Aol Fro] Bhytd T As AT & A

T mem 2o widEs ARSI GHFig. 2-7-4). 25/15C¢F 5T whFe 4%
wj o] o]l Azedvh. vt 25/15T wetd FAE 15/6C L= 5T o]&sdto] wjef
& A e Aol ZXH AT 53], 25/15TlA 15/6T 9 7Hed === o5 3 3%
2ol ¢ AT webA vsuje] FEs BHoA717] e = a2 g o] Fel T2a A
gefof gk A A = A

BRb oolyzl, B 2=

A oS FAFstAvH(Fig. 2-7-5). 5, 15/6, 20/10,
25/15Col A EH oz vt A, 15/6ToA ajF 2654 oF 30%g%= Zotatlnt. Tt
TAE 25/15Cel wFstttzE 20/10, 15/6, 5CT= 255 Ax 9& A9 45, U4FA5FH
wobstz] Alzteto] 225 A ol= 80% 7h7kol Eoteith. ol & Fsho] AR FA FA= FH
< BFAI717] A Al — T2 — A2 @A =AY Bedds Flsdh

FAS BIA7 7] f3 2273rS Loty fEA, FAE 25/15Tel 0, 3, 8, 1257k A
g 5 15/6TCe st th(Fig. 2-7-6). J:%Z%E] 7|13bo] Aojd g5 dolgo] FolA= A

2]
< FAsAT 53] 85, 12573 LAY ¥ o olgd F§ 1254 Hol&o] 60%
e 7 = dEksk
AAdz A 11de dopdt TS AIdAR ThA e wjFe Atk (Tig. 2-7-7). #wjFgk At
SA7E obgk o] %o R FHSHA Fevhe S st ol woldt o] Fo ke i
FroR e F7A Y A=A ert destt= Ae ofv|shH, X}OJ%EHOHH 7hg el Eofgh
ojFol =tz FH7F A al, A& A2VE AR o7 wol FHE AR
| ojfrz Add vk olH 9] UPﬁlEj%JJr rjrte]ot i o ol Mk 7p& Al wolgh
o] F-ol F7FAQl A&7t rkEojof FR7F Fdsks wiSfHe] #ld v AT
s ddez Baa717] feid GAS A sk th(Table 2-7-1). Ag skl a3l

o 5, 20/10, 25/15C 9] WFZEANAE Ao Wobstx @teh e} 156T HEF A,
1257 1000ppm Al T4 86% Fwsb wobstglvh BT Fxe FUL A7)

AW L2, T2, Aol AFAold=d, ek GAX 7 12AgE o= Ax A
< ¢ T AAT T 25/15T ] dubA <l v g A oA e dolstA] @& He FE GA
A7 FAEE Elerr/\]ﬂX]E‘ s AL 4 7 AAL

AEAo® dYRF2A Fx7F vswlE 7HA L s A, o] HsHlE 27| o] T
A A A, =3 FHESE 98] n23 Aol IFHod ARES T3 F
W2 deep simple MPDE &/ o+ At EByk ofye} woly o]Fo e A5 8=
3t WE=F WY E=AE £33 deep simple epicotyl MPDE FHAFES AEAS 4+ dArt

_73_



2 AFE Fate] AAYHAA 109 BE HEe Poliha 7S dAd 2= 2 GA
A & Eskol of 371 whol] Eopal 4= QIQATE Zreup wotol o HjSFH o] EA gkt
£ AL A W, 4EHOR FEE QY] ANAE MEFES 270 B S Qe
o] agkEejof & Fo]
35
) %89 A —— Max. temp.
2 251 Min. temp.
2 20+
£ 15
2 10 1
5 5-
F oo
32 BI ' ' ' ' ' : ' ' ' ' | 100 _
E 3.0 1 ~ —s— Embryo length (mm) 8
£ 254 —&— Germination (%) - 80 23
= i o, oS
% 20 4 —a— Seedling emergence (%) L 60 & %
g g2
= i L 40 E &
£ 1.0 - EE
E o054 20 93
0.0 L o @

AW Y 90 e L 0 net 0ot |yt xe® ' et g

2013

Fig. 2-7-2. Mean daily maximum and

2014

minimum soil temperatures (A) and phenology of

embryo growth, germination or seedling emergence (B) of Helleborus orientalis seeds
buried at a depth of 3 cm in 2013. Vertical bars represent SE. The E:S ratio is the ratio of

embryo length to seed length.

March 4, 2014

Fig. 2-7-3. Embryo growth, radicle

August29, 2013

emergence, or seedling emergence of Helleborus

orientalis seeds kept outdoor in Seoul, Korea in 2013.
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—®— 25/15T (30 wk)

5| —o— 2515T (24wk) + 15/6T (6 wk)
—w— 25157 (24wk) + 5 (6 wk)
—&— 57 (30wk)

—B— 5T (24 wk) + 25157 (6 wk)

Embryo length (mm)
w

Incubation time (weeks)

Fig. 2-7-4. Embryo length in seeds of Helleborus orientalis as affected by temperature

treatments. Seeds collected in 2013 were used for this study. Vertical bars represent SE.

100
A
80 4 —e— 57 (24 wk)
~ —o— 15/ 24 wk)
& —w— 20/10%C (24 wk)
S B0 1 —a— 2515% (24 wk)
.E
| -
@
O
20 -
0
100 B
—»— 57 (Bwk) — 15/6C (4 wk) — 20/10°C (4 wk)
— 95/M5% (8 wk) — 20/10°C (2 wk)
—o— 25/15°%C (8 wk) — 20/10%C (4 wk) — 15/6°C (2 wk)
80 — 5% (8 wk) — 15/6C (2 wk)
go:
5 60
@
=
E
5 40 A
W)
20
0 - i

Incubation time(weeks)

Fig. 2-7-5. Germination of Helleborus orientalis seeds incubated under a constant
temperature (A) or a temperature sequence (B) beginning at 25/15C or at 5C. Seeds

collected in 2013 were used for this study. Vertical bars represent SE.
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——— 0 weeks
60 { 9 - 3weeks Sl
——-¥-—— 8weeks . o /)'
—=8— 12 weeks ya P
50 - s
x
T & s
% 40 - / i i
] /
.E 30 _/ 7/ &
= e 3
o i
O o ./ // .O
/// '
10 A A
H v/
0 A s £ e : - /-
0 2 4 6 8 10 12

Incubation time (weeks)

Fig. 2-7-6. Percent germination at 15/6C following warm stratification at 25/15C for 0, 3,
9, or 12 weeks, respectively in seeds of Helleborus orientalis. Vertical bars represent SE.

November 13, 2013

March 13, 2014

Fig. 2-7-7. Epicotyl dormancy of Helleborus orientalis seeds. Germinated seeds in the open

field on November 12, 2013 were transferred to laboratory,

temperature (20-25C).
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Table 2-7-1. Effect of GAj3 concentration on mean final germination percentage of
Helleborus orientalis Lam. Germination percentage after 12 weeks of incubation were

calculated.

Concentration of GAs; (mg'L™)

Incubation temperature (°C)

0 10 100 1000
5 0 0 0 0
15/6 0c 0c 26.7 b 86.7 a
20/10 0B 56 A 0B 0B
25/15 0 0 0 0

Means followed by the same letter are not significantly different at the P < 0.05 (Tukey's

multiple comparison test).
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8. A X}, &2\ X vl (Heloniopsis koreana, H. tubiflora)

A

BT el AYAThE AT A ol FEA %ol MSFHT FEF Tl
AgAR TR Az EANTR BFHAL F2 250 395G SArAM 2
olth, Ael At mhAAZ B o2 Bel A F s, 490 310509 2
o geltd, At Mol Aw Ast F Aol ErhFig. 2-8-1). Fol obEw L, A

Aol e ol ASAA HAL AN/ e, BAL HAsl 39T 5+ 9

o=
o
-

bl
k=7

1= A= 0
gk ootye} shehg AAY G99 wEe gl A 9§ AAR &8 F Ade U A
EFoltt. ey 7|Ee] FAFHA #AS ARIVE Ao gl webA B A= A A vt
o FAWMAES 9ot FAe FHAS Fpotetar, 1 le]l FololH, yolrt weolHIH S
Sotr izt st BRE oty Yfiitel AAsE gNtE BAREQ] & A| 0t
(Heloniopsis tubiflora)®] SAF-S FH3t] F F9 TAHRAES A A5E gHetaxt

® ATE FdFAT

o AE 3oy

an

(1) A4

AUt F2kE 2012\ 59 16-20%, 2013 59 25, 6¥ 6940 A= &A4A A E
ol A AR g Aol AFskArh FSATAE Hialk FAEo] AAA A 20124 6
4 18 AMFsAT AF F A HelA 15 = 542 § 5C AAgae] Bast
HA Al AHE3EEA

Fig. 2-8-1. Appearance of Heloniopsis koreana Fuse, N. S. Lee & M. N. Tamura (A) and
Heloniopsis tubiflora Fuse, N. S. Lee & M. N. Tamura (B) at flowering. H. koreana was
growing in the natural eco—garden within the Hantaek Botanical Garden,Yongin, Korea and

H. tubiflora was growing in Hyangjeokbong, Mt. Deogyu, Seolcheon-myeon, Muju-gun,
Jeollabuk—do, Korea.
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(2) exs P27l 02 o}
Az A= 5 156, 20/10, 25/15 L 30/20Cel 30% 3B oz APt = Bz
o] P Lol uz e 349 AEYUHAE T F U2 A8 F 25/15T v et

(3) GA A gl m& o}
GAsE 0, 10, 100, 1,000mg - L' sx=2 19 Aste] 5C, 15/6TC, 20/10C, 25/15Col| vl
stttk A8 e FAE5S 90x15mm disposable petri dishol ¥} %] (Whatman No. 2) 27j& 2
i benomyl F3A(500 mg- L HE EHste] oF A7 AL A2=35190 2% & ZFFE A
23t ¥ multi-room incubator (DS-13MCLP, Dasol Scientific Co., Ltd., Hwaseong, Korea)®l
A etk e 2HES o) Ady LTk

(4) ] <pul el ot A o
e &<kl H]é}uﬂg

]_

jus)
(]

off

£ glstarzt 25/15Col A wigstd FAE 45 Fo] A&
(KSZ-1B, Samwon Scientific Co., Ltd., Seoul, Korea)®] %}
o %Eﬂ%"ﬂ micrometer’} &#E Hduzz AZSHA Fakel v dolE 43S
o}, FxeF vje] ZolE =4 3 ¥ miview usb digital microscope (MV 1302U, CosView
Technologies Co., Ltd., Shenzhen, China)& ©| &3] A} W<} wolagd S 2000 &= s}
ATt

2 o
)

9

23

lo

HU

B

zm;qum %—e— AuA kel EFA4E 25/15Ce] wgst Borel FrlHoR FAE AehA
Pael g thFig. 2-8-2). B A AL w7t AR ArAA AR

o5 o} w A% sdstalnh meb F 2o A9olE A} vSuE etk AL
o

=
,{
1o
=
N
)
r>~
_O‘L
Ir
i

o

ot Fxdo g FEolAM, F F EF 2=7F 5ColA 30/20C7HA] Eotd = o}
1 8 o AAJH(Fig. 2-8-3). 20/10T o]38te] &% e = 854 o}
Qtxlof wopgo] =3 Azstutt. ¥k ofyzl 25/156C dxAolM = de dols
To] dol FAYE & UMk
A ghgste] AZER Ao e} ol S 2 AFStH(data
o Aupr= wfel ey} wopapo] A E A FUTh EF Tl v
5o 4 *X} = E% g A 247 FAEC] v JAEHAAT. mEA T Fo] ol
TAR7 Wl AAdxboNA AFHE 7] Fetell®= widdat wolrh b HAW Aow W
dEglom o5 Fate] o] F Fo] soil seed bankE FA Y 7tsAdol Aes FFE F AU
At
ol 1S 98 GAE A etAth(Fig. 2-8-4). Wi 45750l Tol&S AN 23 YA
1 F2= GA 10, 100ppmell A2l g F-o 25T %%éﬁoﬂ Hl FstH 80% o] 4 obd At
S2A| A wke] A5 GA 100, 1000ppmell =} 2] gk
op7 X H AT, 2y HT dolE 2 60%= EX
AL AddskA dlvh Wb GA AR F Fgxded wE otgs FUME AFsE 2
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‘Emerged
'radicle %

R
(‘».

e
E miii

Caudal appendage

i

F Caudal appendage

Embryo Testa

Ebryo Endosperm

Fig. 2-8-2. Capsule, seeds, embryo growth, and radicle emergence of Heloniopsis koreana
(A, C, E, G, I, and K) and Heloniopsis tubiflora (B, D, F, H, ], and L). Longitudinal

section of fresh seeds showed small,

underdeveloped embryos (E and F),

embryos (G and H), and emerging radicles (I and J). Scale bar = 1 mm.
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100

A H. koreana
——57 light
——15/6°C light
——20/10C light
—A—25/15°C light
60 1 —8—30/20°C light
—0—25/15C dark

80 1

40 1

Germination (%)

20 1

L b
b
o o o o o2

B H. tubiflora

—e—57 light
——15/6°C light
—8—20/10C light
—&—25/15C light
60 { —m—30/20C light
—0—25/15C dark

80

40

Germination (%)

20 1

Incubation time (weeks)

Fig. 2-8-3. Percent germination of Heloniopsis koreana (A) and Heloniopsis tubiflora (B)
seeds incubated at various temperature regimes of 5°C, 15/6°C, 20/10°C, 25/15°C, and
30/20°C in a 12-h light/dark photoperiod, and at 25/15°C in a constant dark conditions for
8 weeks. Vertical bars represent mean * standard error (n = 3). Final percentages of
germination among the incubation temperatures followed by different letters indicate
significant differences (HSD test, alpha = 0.05).
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100

A 15/6C | B 25/15C
80

60

40

Germination (%)
Germination (%)

b
20 a a b
b ° ol
0 . A - [ . .
0 10 100 1000 0 10 100 1000 0 10 100 1000
GA, (mg-L") GA; (mg-L") GA, (mg-L")
100 100

D 15/6C | E 25/15C
80 t 80
a

60 1 r 60

a
40 q b r 40
b
20 A a a r20
a a
0 10 100

0 10 100 1000 1000

Germination (%)
Germination (%)

GA, (mg-L-) GA; (mg-L")
Fig. 2-8-4. Percent germination of Heloniopsis koreana (A, B, and C) and Heloniopsis
tubiflora (D and E) seeds treated with GAs. Seeds of H. koreana and H. tubiflora were
collected on 20 May 2012 and 18 June 2012, respectively, and soaked in 0, 10, 100, or 1,000
mg - L' GA; for 24 h at room temperature before incubation at 15/6°C and 25/15°C in a
12-h light/dark photoperiod. In H. koreana, seeds collected on 6 June 2013 were incubated
at constant 25°C, placed on filter paper (Whatman No. 2) in 90 x 15 mm Petri dishes,
moistened with GAs solutions, and incubated in a 12-h light/dark photoperiod. Germination
percentages for all treatments were calculated after 4 weeks of incubation. Vertical bars

represent mean * standard error (n = 3). Different letters indicate significant differences
according to the HSD test (alpha = 0.05).
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9. 4@ A (Erythronium japonicum)
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(4) AWM FHA(GA;) A& &

GA:Z 0, 10, 100, 1,000mg - L' X2 19 A=A 5T, 15/6T, 25/15C v a3t 26
T ok wjFetA A wolsS G AHEldk FAES 90x15mm disposable petri disholl
o] % %] (Whatman No. 2) 2Wj S 71 benornyl F3 A4 (500 mg- L HE BFste] oF 147 A%
258AT A% F SHSZ AFHS T 209 39S gkl e] X et multi-room incubator
(DS-13MCLP, Dasol Scientific Co., Ltd., Hwaseong, Korea)oll A wj3tdct. d =+ 2F 20u

mol-s '*m 2%t}
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)
o
o

o A 3 i%

A7 A5EAE W wle 2715 ImmE E o] S FAAGHFig. 2-9-2). FAFEL
= A, AR, duAFd, JEAAFE, 2FFEe ol v frger e o
ATk 30 el wiZb o Abepa dotsts frEel TAE FEHAFW Ak dvh Wl
Si7F Apeba wbobsl vzl 309 ool A ¥ I, FHS vhbetr] fsi AeA e, neAd,
EE GAARE dokets A4, ol5 A AFEolE duh 2" 12494 BRo] BE
& Aol 205 70X A5 oA eheky] wiel Feie A Frloletn ekl
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Aege W, RE £E A4 14F74H wolshA gaeh(AR 1)
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Fig. 2-9-2. Internal morphology of FErythronium japonicum seeds and an excised

underdeveloped embryo.
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Fig. 2-9-3. Percent germination of Erythronium japonicum seeds as affected by different

incubation temperatures.
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Fig. 2-9-4. Percent germination of Erythronium japonicum seeds after incubation at 5C or
15/6°C following warm stratification at 25/15C for 0 or 60 days. Percent germination was

calculated at 26 weeks after incubation.
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Fig. 2-9-5. Photographs of germination of Erythronium japonicum seeds after incubation at
15/6°C following warm stratification at 25/15C for 0 or 60 days.
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Fig. 2-9-6. Effect of GAj3 treatment on dormancy break and germination of Erythronium

japonicum seeds. Percent germination was calculated at 26 weeks after the treatment.
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Table 2-10-1. Various PGRs treatment.

Treatment Various PGRs combinations
1 Control
2 GA3 100ppm
3 GA47 100ppm
4 ABA 100ppm
5 Fluridone 20ppm
6 Paclobutrazol 50ppm
7 GA3 + Fluridone
8 GA3 + Paclobutrazol
9 GAg + ABA
10 GA47 + Fluridone
11 GA47 + Paclobutrazol
12 GA47 + ABA
13 ABA + Fluridone
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Fig. 2-10-1. Mean daily maximum and minimum soil temperatures and embryo growth and

germination of Aquilegia buergeriana and Adonis amurensis seeds buried at a depth of 3
cm in 2012. The E:S ratio is the ratio of embryo length to seed length. The soil

temperature was measured at a depth of 3 cm. Vertical bars represent SE.
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Fig. 2-10-2. Percent germination of Aquilegia buergeriana

combinations of plant growth regulators (PGRs).
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Seeds were collected on 18 Jun. 2012,

after which the seeds were buried in an experimental garden on 1 Aug. 2012. PRGs were

treated at harvest (A) and also treated with seeds that were exhumed at 6 days after

sowing (on 7 Aug. 2012) (B). The seeds were soaked in a solution of each combination for
24 h and germinated under 25/15°C and 12h photoperiod conditions for 32 days.
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Fig. 2-10-3. Pericarp dehiscence (A) and germination (B) of Adonis amurensis seeds as
affected by combinations of plant growth regulators (PGRs). Seeds were collected on 6-16
May 2012, and then treated with the PGRs. Seeds were soaked in a solution of each

combination for 48 h and were germinated under 15/6°C and 12h photoperiod conditions for

16 weeks.
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were collected on 6-16 May 2012 and buried in an experimental garden on 15 Jul. 2012,
and were exhumed on 26 Sep. (A and B) and on 6 Nov. (C and D) in 2012, respectively,
and then treated with the PGRs. Seeds were soaked in a solution of each combination for

48 h and were germinated under 15/6°C and 12h photoperiod conditions for 16 weeks.
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Fig. 2-10-5. Germination of Adonis amurensis seeds as affected by combinations of plant
growth regulators (PGRs). Seeds were collected on 6-16 May 2012 and buried in an
experimental garden on 15 Jul. 2012, and then were exhumed on 4 Jan. (A), 29 Jan. (B)
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conditions for 12 weeks.
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1. QAR (Erythronium japonicum)
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Fig 3-1-1. Experlmental plot at the experimental farm of Seoul National University, Suwon,

Korea.
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Fig 3-1-3. Changes in daily soil temperature and cumulative chill unit measured at 5 cm
depth from October, 2012 to February, 2013.
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Fig 3-1-4. Development of leaf buds in the 3-4 year-old vegetative bulbs of Erythronium
Japonicum. The bulbs were sampled on 29 Jun. (A), 27 Jul. (B), 31 Aug. (C), 28 Sep. (D),
26 Oct. (E), 30 Nov. (F), 28 Dec. (G) in 2012, and 25 Jan. (H) in 2013, respectively.
Arrows indicate the recessed parts of the curled leaf bud in the 3-4 year old vegetative
bulbs. The dotted circle indicates the color change of the leaf buds on 26 Oct. Scale bars
are 0.5 mm for A and B, 1 mm for C and D, and 5 mm for E, F, G, and H, respectively.
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Fig 3-1-5. Changes in leaf bud/bulb ratio in the 3-4 year-old vegetative bulbs of
Erythronium japonicum from June, 2012 to January, 2013. In January, leaf bud protruded
from the outside of the plant bulbs

Fig 3-1-6. Development of flower buds in the >10 year-old bulbs of Eryvthronium
Jjaponicum. The flower buds were observed on 28 Jun. at start (A and B), 26 Jul. (C and
D), 30 Aug. (E and F), 27 Sep. (G and H), 25 Oct. (I and J), 29 Nov. (K and L), and 27
Dec. (M and N), respectively. Scale bars are 1 mm for A, C, G, and H, 0.2 mm for B and
F, 05 mm for D and E, and 5 mm for I, J, K, L, M and N, respectively. Pi, Pistil; St,
Stamen; Pe, Petal; and Le, Leaf.
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Fig 3-1-7. Changes in flower bud/bulb ratio in the >10 year-old bulbs of Erythronium

japonicum from June to December, 2013.

Table 3-1-1. Effect of transferring date from field to growth module on days to sprouting,

percent sprouting, leaf length, and width of Erythronium japonicum.

Leaf
Transferring date CCcu= Days .tr;r i Length Width
sprouting (%)

{cm) {cmy)
Sep.28 0 =¥ = - P
Dct. 26 0 - - - -
Mov. 30 400 - - - -
Dec. 2B 1.122 280a- 15.3 6.50a 440a
Jan. 25 1.794 19.6 ab 100 749 a 413 a
Feb, 22 2442 141b 100 B56a 4358
Significance 2 M3 NS

“Natural cumulative chill unit (CCU).

YNot detected (not shown until the end of experiment).

*Mean separation within columns by Tukey’s honestly significant difference (HSD) test at
P < 0.05.

* NS Sjgnificant at p < 0.05. and non-significant.
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Fig 3-1-8. Effect of transferring date from field to growth module on sprouting of
Erythronium japonicum. ‘Transition time from a natural low temperature condition to a

normal growth condition is defined post around 25 Jan.,, 2013 in Korea. Pots were

photographed after 56 days of forcing.
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Fig 3-1-9. Effect of cold storage duration on days to sprouting and percent sprouting of
Erythronium japonicum. The dormant bulbs were subjected to 5°C for 0, 2, 4, 8, and 12
weeks in 12 Oct. (A) and 16 Nov. (B). Before the beginning of the artificial chilling

treatment in November, the dormant burbs had already been exposed to 139 CCU in an

open field.
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Fig 3-1-10. Effect of cold storage duration on sprouting of Erythronium japonicum.
Dormant bulbs of F£. japonicum were subjected to 5°C for 0, 2, 4, 8, and 12 weeks in 12
Oct. and 16 Nov. Before the beginning of the artificial chilling treatment in November, the
dormant burbs had already been exposed to 139 CCU in an open field.
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Fig 3-1-11. Effect of temperature regimes on sprouting and growth in Erythronium

japonicum.
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Fig 3-2-1. Greenhouse, experimental bed, and data logger setting at the experimental farm

of Seoul National University, Suwon, Korea.
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Fig 3-2-2. Changes in daily soil temperature and cumulative chill unit measured at 5 cm
depth from October, 2012 to February, 2013.

Growth phenology in 2013

January 20 February 20

March 10 April 5

November 28

Fig 3-2-3. Phenology of growth, flowering, and flower bud differentiation in Heloniopsis
koreana.
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Fig 3-2-4. Sprouting and days to first leaf unfolding in Heloniopsis koreana as affected by

transferring date from an open field to greenhouse.
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Fig 3-2-5. Leaf length and width in Heloniopsis koreana as affected by transferring date
from an open field to greenhouse. Leaf growth was measured on 20 February in plants
transferred from September to December, and the leaf growth of plants transferred on

January was measured on 14 March.
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Fig 3-2-6. Sprouting and leaf growth of Heloniopsis koreana as affected by transferring
date.
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Fig 3-2-7. Effect of cold storage duration on percent sprouting, days to sprouting, and leaf
growth of Heloniopsis koreana. The dormant bulbs were subjected to 5°C for 0, 2, 4, §,

and 12 weeks from 18 October, 2013.
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Fig 3-2-8. Effect of cold storage duration on percent sprouting, days to sprouting, and leaf
growth of Heloniopsis koreana. The dormant bulbs were subjected to 5°C for 0, 2, 4, §,

and 12 weeks from 15 November, 2013.

0 week

2 weeks

4 weeks

8 weeks

Fig 3-2-9. Effect of cold storage duration on sprouting and leaf growth of Heloniopsis
koreana. Dormant plants of H. koreana were subjected to 5°C for 0, 2, 4, 8, and 12 weeks
in October 18 and November 15 in 2013.
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SUMMARY
(F220E)

1. Heloniopsis koreana Fuse, N. S. Lee & M. N. Tamura is native to Korea and has a
great potential to become a new ornamental plant for decorative purposes in gardens, in
pots and landscape due to attractive reddish-purple flowers and evergreen leaves.
Therefore, we observed the effects of leaf parts and growing media on rooting and
shooting of H. koreana for leaf cutting propagation. Leaves cut by five different ways
(lower half, upper half, vertical, half horizontal, and horizontal) were examined for rooting
and shooting. Leaves were cut in half horizontally to create a leaf part of lower half and
upper half. Leaves were also cut in half in the vertical direction for half horizontal. Whole
leaf including the leaf tip and the basal part was used for vertical and horizontal. Five
different rooting media (horticultural media, decomposed granite, vermiculite, peatmoss, and
perlite) were used for growing media experiment. In the effect of leaf parts, both rooting
rate and root growth were the best when whole leaf was used in either vertical direction
or horizontal direction. The presence of the tip and the basal part of leaf enhanced rooting
rate and root growth. When vermiculite and decomposed granite were used for leaf cutting
propagation, rooting rate and root growth were significantly increased. In the leaves rooted,

newly formed shoots were observed at the base of leaves.

2. We observed the effects of growing media and concentration of plant growth regulators
on rooting and shooting of FEchinosophora koreensis for leaf or root cutting propagation. In
the effect of growing media, both rooting rate and root growth were the best when sand
or sand+horticultural media were as horticultural media. In the effect of plant growth
regulators, shoot development of the experimental results increased when IBA 100mg - L}

was preated at planting.

3. Thalictrum species belongs to the Ranunculaceae and are perennial landscape plants
which are available in the garden and potted plants. This experiment was conducted to
find out the basic data for the growth effects of culture media, fertilizer levels and shading
rate in seedling plug cell tray in 7Thalictrum rochebrunianum, 71T. uchiyamai, and 7T.
coreanum. In the experiment of cultural media, growth characteristics of 7. rochebrunianum
were better in horticultural substrate or soil mixture (vermiculite:peatmoss:perlite = 1:1:1)
rather than sand only treatment. Growth characteristics of 7. wuchiyamai and 7. coreanum
were generally better in horticultural substrate. For 7. rochebrunianum and 7. uchiyamai,
growth increased by all fertilizer level treatments as compared with non-treatment.
Hyponex at 1000 dilution rate showed the highest growth. All growth increased in 35%
shading as compared with other treatments for 7. rochebrunianum and 7. coreanum. But,

for 1. uchiyamar growth increased in 55% shading. In general, growth of three 7Thalictrum
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species was worse in 75% shading, as compared with other shading rates. Based on the
results, 7halictrum species seedling can be produced by planting in horticultural substrate

with 35-55% shading and fertilization of Hyponex of 1000 dilutoin rate by using plug tray.

4. In the experiment of cultural media, growth characteristics of Ranunculus crucilobus were
better in V:Pt:Pr than other treatments. And, growth increased by all fertilizer level

treatments as compared with non-treatment.

5. In the effect of cultural media, growth characteristics of Aquilegia buergeriana var.
oxysepala were better in horticultural substrate than other treatments. Hyponex at 1000
dilution rate showed the highest growth. All growth increased in 35% shading as

compared with other treatments.

6. In the experiment of cultural media, growth characteristics of Pulsatilla tongkangensis
were better in sand than other treatments. For Pulsatilla tongkangensis, growth increased by
all fertilizer level treatments as compared with non-treatment. Hyponex 500 dilution rate

showed the highest growth.
7. For Heloniopsis koreana, growth increased by all fertilizer level treatments as compared
with non-treatment. Hyponex 1000 dilution rate showed the highest growth. All growth

increased in 35% shading as compared with other treatments.

8. For Helleborus orientalis, growth increased by 35% shading as compared with other

treatments.

9. In the experiment of shading rate, growth characteristics of Erythronium japonicum were

better in 35% shading than other treatments.
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71 e 55% 54 AFAe AEFAR, ABEFE BhEA FES FR BrA

Lower half Upper half Vertical Half horizontal Horizontal

Fig. 1-1-1. Diagram of leaf parts used in this experiment.

(3) AEEE] J3F

AA s 71N dagk ol S o] &akglth. AREES TR wWE YILIAAE dotr]
A8 Yo JE(Horticultural media, WesHE =, dssAA), vHAFE(Decomposed
granite), WU Ed}to] E(Vermiculite, W72, (F)AZ4), I ERK A (Peatmoss, Sunshine,
Sun Gro Horticulture Canada Ltd., Canada) Hlol E(Perlite, wHARR 23, ()R ZXN)E
@& AP ste] A e AFH F 71 7kl ded 2R ddste] AREsEith A
7 13cm, 0] 12cm ¢l Zet2¥ FEO 214 stdon, Aew 20708 49 9k o o) vl x| &}
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(4) BFxAA ] 4%
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o AUy 99 Fdsin
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sk A2 (Vertical)oll A 3971, &S A2 &3 agz2 do=2 H8A] 2 As A2l (Horizontal)
ol A 35/0& 7bd B¢k, Lower half Aglol s 16702 A Zxskth 22 e zdole 4

& wTe, St 2y AUl 2 Aok 4Tk F, Aw w2e] HW Py Aol
© BT Mk AA Q& 7IERE daste] o] &3k A (Vertical ot & A=A a1
a2 do2 waA A A A2 (Horizontal) 7F A A A1 A7t Eohth do=z A Ag A
= A= EA JEg oy AHE Al IS duid o s wol AR sueE o] St
Table 1-1-1. Effect of leaf pars on rooting of Heloniopsis koreana.
: Shoot
No. of Rooting No. of No. of No. of Root
Treartment rate . length
root o shoot leaves  Length  Width root
(%) (cm)
(cm) (cm)
Lower half 3.0 15.0 1.2 15 0.8 0.2 1.6 4.2
Upper half 125 62.5 1.2 1.7 1.1 0.2 25 39
Vertical 13.8 69.0 14 1.9 1.2 0.3 39 4.0
Half horizontal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Horizontal 13.3 66.5 14 2.1 1.3 0.3 35 49

Lower half Vertical™ Horizontal
Upper half Half horizontal

Fig. 1-1-2. Effect of leaf parts on rooting of Heloniopsis koreana.
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(Potentilla fruticosa 1..)¢] AF&E M2 A

] il d =3 5
Hlef rgo] wa Beg B Azt Bl st & Al dEe



stk AUAre Qo] ggo] xEy
]

=] =
ol &M AES dohdH Hs a&4Y soE Ao

=]
AE gl wE WERdE dolns] A APANE mY

2! e 2He A glo
A 2 AolE R Y tH(Table 1-1-2, Fig. 1-1-3). Wuj&&lolE A7} U%Z 7M=& s
S HEddler 1 3o g wpALETE 875%9] H2 EE&S YEUAT dd & AE, JE
2 9 HelolE AEE 7247 425, 600 2 465%9] @SS Ho AHom AH2E
LAY Kol dukHow Fx ekoktl. Yl HEdo

Aol A=A JdeEbgth = 22w A 7]
2hA A A eke] WAl glojA fGate] HEAA
Avke] g SAAAS Fell TS gtk

=, daE ol &k T Aol Hls e

L By
L

>,
i)
4

i

Table 1-1-2. Effect of rooting media on rooting of Heloniopsis koreana.

: Shoot
Rooting No. of Rooting No. of No. of No. of Root
. rate . length
media root shoot leaves  Length  Width root
(%) (cm)
(cm) (cm)
Horticultural ¢ - 25 19 30 10 0.2 38 30
media
Coarse soil 175 875 14 1.9 0.8 0.2 4.4 39
Vermiculite 18.8 94.0 15 2.0 09 0.2 6.0 6.2
Peatmoss 12.0 60.0 1.3 1.8 09 0.2 36 3.3
Perlite 9.3 465 1.3 16 0.6 0.2 3.2 3.3

Horticultural media Vermiculite Perlite
Sand Peatmoss

Fig. 1-1-3. Effect of cutting media on rooting of Heloniopsis koreana.
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Table 1-1-3. Effect of plant growth regulator on rooting of Heloniopsis koreana.

PGR  No. of R‘;‘;g‘g No. of  No. of Shoot No. of lgi"fh

(mg - L) root (%) shoot leaves Length  Width root (Cfll)

(cm) (cm)
Control 45 22.5 1.3 1.5 0.7 0.2 3.6 4.1
Rooton 6.3 315 1.7 2.0 1.0 0.3 4.4 49

IBA 100 5.0 25.0 2.0 2.5 1.1 0.3 49 5.2

IBA 500 5.0 25.0 14 2.0 1.1 0.3 4.0 5.2

IBA 1000 35 175 1.7 2.1 0.8 0.2 4.3 4.4

NAA 100 8.3 415 2.0 2.3 1.0 0.3 54 4.1

NAA 500 8.3 415 16 2.2 1.0 0.2 5.0 3.7

NAA 1000 45 225 1.7 2.3 1.0 0.3 46 4.1
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Fig. 1-1-5. Effect of plant growth regulator on rooting of Heloniopsis koreana. Control(A);
Rooton(B); IBA 100(C); IBA 500(D); IBA 1000(E); NAA 100(F); NAA 500(G); NAA 1000(H).
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2. /W =2 Echinosophora koreensis Nakai(Nakai)) ¥24% 72

Make Fatel &ote G AFor AdE SHRFEAGAAN F2 Ad. F2 s
7t #ZEan o] & =5 FAA A&o] Frh =4S U 1HFFLRZA 277 Im
Welz Ateba 597 o] =g ow vwig obFHA 37 wiEel #ZIHAIE mf Holu £
st 9 A, 24E&aAE &&strlel obF Frh A=At Ee ol Iy FAAL] & <k
i o] ofsix e WAe] Jheatt A EC] vhal AR Ay g it go] v FAA
S A A gloh wEbA B Al A s Jlate] kWA Al A4S B9 8l A A A g,

4. A5 R Y

(1) A=

o 2! o
o AHgSHATh P AFUFAM AAF O Yt FAYBY ) wLsHF A A
OAELE 9 44 A A%EEA A9 20149 99 590l Afale] 8FFol, 24k Al A
FaAA AP 20149 99 1220] Adele] 8FFol W g, WS L RePol g 24
o, A W A Rl 348 PeE Au BYskg,

NEEES TR wE AgAE dolr 7] fs R (Sand), ¥ol-§ 4 E(Horticultural
media, 5 3E F=, HesAA]), Zd+ddE& FEA:1=viv)2 A st AFsAtt A=

A F e 22 dustel Agetdth A4 13em, ¥ol 12cmel Fepaw EEo| 7z} A
dol Tl ARSEE FAT F 38 5 @ F A AR A7) 919 55%
54 AYTe A§RAn, HEEES} 2 QS $¥8 Brsdon Ag 3 5AA4 2

>

7_11—

N

=715 o183 A A AREEA Sl mE TIARS dotry] sk, FAHE o
ZR 5ke] IBA 100, 200mg - L', NAA 100, 200mg - L& Z7 Hgatgch EHld s
717k 3~5mm AE=olil Zol= 10em7b H k5 dedh Z2 dwste] o] &tk iz =
A2 ke o 3087 AA ATt S8 A std o IBAS NAA A2l 308
Hol Fwsl A71A AAAD & F = AdSA A4 13em, o] 12cm?l Ee}
Eo] 48 AE(Horticultural Media, 1A E ==, dssAA)E A9 X426
E7F mpEA @A destlem A g S7fAA 2ontR o A g el

-
il

oo [y AL m
i @

o
ki
i
o
©,
o

S Yolr 7] f3tod, FAHEE U
ZT2 3te] IBA 100mg - L', NAA 100mg - L'Z 727zt Agstder. #8]3k a4s #7171

o
1 AR
4~6mm A= He P E Ay 2w dol7l Tem7b M =5 dAdste] ol &t FAE=

Mol o g3 A Al AFEREA Fiel W wa
1
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A AAE vtE Bl 3087 A e E]r7} |80 240 IBASH NAA A% 3083
M AATE &8 A7IA JAAAY 3 & SR Astdth A7 13cm, =ol 12eml E2
2 X Ed A48 AE(Horticultural Media, s E ==, dlesxA)E A9 X3t ch
SEZF nt2X] A #gsilon A & 5/4AY 2RkE 0w A sl

o A3 2 1F
(1) AHEE&E] o

M=atel 7] At Al WiYE FHd e T2 ans dolry] 93 Ao Yog A
E AgoAe o] HA Fskon Ry Ao Ry+ddE FE & AdAas BT
40%9] HTES Ho]FATHTable 1-2-1, Fig. 1-2-1). =& A golA A =7} HH@EMt o
Rl ol TS| A4Sl FH I Eolrbr] witel] B vt Aow Atz ¥t Ry
+de g FE E& Ao FEert 202 P Bgokew a2 vgFow me H#rh 157
2 Yehldoh 2 Aol Beldol7t e Al vls) M S7hE A

(
OSL

L2

Table 1-2-1. Effect of cutting media on rooting in stem cutting of ZFEchinosophora

koreensis.
o No. of Shoot No. of Petiole ‘Shoot No. of Root  Rooting
Soil mixtures <hoot length leaves length  diameter root length rate
(cm) (cm) (cm) (cm) (%)
Sand 0.0 0.0 0.0 0.0 0.0 15 0.8 40.0
Horticultural
media 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sand+
Horticultural 0.0 0.0 0.0 0.0 0.0 2.0 0.4 40.0
media

Sand Sand+Horticultural media
Horticultural media

Fig. 1-2-1. Effect of cutting media on rooting in stem cutting of Echinosophora koreensis.

@ B4 A AgzEA 9%

= O ©
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AA A BAZEAAY FF 2 R nE d2anE dolry] 93 AF Ay IBA 100,
200mg - L' Aol A wto] HdAwr Fxglel NAA Aol ds @5 #] 2 drh(Table
1-2-2, Fig. 1-2-2). IBA 100mg - L' Hglol = 22 &o] 60%= 7Hd F7iEden o v
© 2 IBA 200mg - L' AgelA @Zgo] 40%= Z7FE Ak M=ite] AA Al NAA HUbE
IBA7} 28-S S7MA71vd 9SS vAE Aoz veyton IBA 200mg - L A2 wo)
IBA 100mg - L7} A% 2 #gjdbgo] o £& A0 IBA 100mg - L'HTE ©& oA 2
ol o Ao= ALz HTL

Table 1-2-2. Effect of plant growth regulator on rooting in stem cutting of Echinosophora

koreensis.
PCR No. of Shoot No. of Petiole ‘Shoot No. of Root Rooting

(ng - LY <hoots length leaves length  diameter roots length rate

(cm) (cm) (cm) (cm) (%)
Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
IBA 100 1.0 0.8 2.0 3.3 0.2 1.3 1.8 60.0
IBA 200 0.0 0.0 0.0 0.0 0.0 1.0 0.6 40.0
NAA 100 1.0 1.0 1.0 1.3 0.1 0.0 0.0 0.0
NAA 200 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Control IBA 200 NAA 200
IBA 100 MAA 100

Fig. 1-2-2. Effect of plant growth regulator on rooting in stem cutting of FEchinosophora

koreensis.
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0302 NAA 100mg - L Agl7h a1z da&o] 20.0%2 e TH(Table 1-2-3, Fig. 1-2-3).
FAgAAE de] Ax 9 Bt B A Gk B Ao do]l HA gFgked B
g5 o] &g IAlAE Ax7F WA BAEI A BErp A s 7] uito] o] HA
S Aoz Atg¥rh M=Ate T4t A NAA Hubes IBAZE A% 2o &37F e Zew
eyt on FrHA o2 [BAS tYe w5 Aol Had slow Atz

gy B A E 2 UHH gl Az AA e A ks A L3597 wiel, e s
oF gl W] #st F71HQl AF7E s o 3 e w gy

Table 1-2-3. Effect of plant growth regulator on rooting in root cutting of Echinosophora

koreensis.
PCR No. of Shoot No. of Petiole 'Shoot Shooting  Rooting
(mg/L) <hoots length leaves length diameter rate rate
(cm) (cm) (cm) (%) (%)
Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NAA 100 1.0 4.0 0.0 0.0 0.1 20.0 0.0
IBA 100 1.2 6.0 2.6 2.0 0.2 50.0 0.0

Control NAA 100 IBA 100

Fig. 1-2-3. Effect of plant growth regulator on rooting in root cutting of Echinosophora

koreensis.
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O

TRt s vveobgulste] Lats thdd 2RAERA THA 8974 HMol A A
FAola 2k 9 e FAQ WS ofFThe Fo] wWol gt ARt A7%E Im o
A A AL G Ak AR er 2 Hubgk St Ak vlaA Ak o] obE
Wil 5] AMEEE heA 7] el gk el =skgoly g, s 9 24
& AERAM olgstu v Frh ANt SRt #F AT AERA % A0 A
AT7F diEFoz Wy B A w3 A v Aot wekd SRy S5 A
MGE 7, lEesT 9 ARPLert s o] frAdd vAs 9FE Ldobrr] s

APol AHEE FAE A7E S04 AA FHABUNA 2013 99 1599 AF 34

MasE 9 AAAE A9e FAS 20139 99 246 REG] 0149 Bold FR F F
Ve MAES 2o 39 209 Z7ke] Aol B 128F Fe1 £dolo] o4 ske] 9F Fof
BHEAE 2RO, SEEF AL 68 279 olAde] DF Fo AFTAL 2o
o ARAEREA ] AAHe] Qi mdae o Asgon wdseat 20049 A
B2 AAs] Aol A P awAGGT AP sl WA AR WA= A g

(2) MIEZSF

FH Al WYEFFA mWE AY 54S dolrR7] fste] E#(Sand), H¥dE& HE
(Horticultural media, 5 dE ==, dssAA), Hu|E 2ol E(Vermiculite, W] FE], ()4
of| L] ): 3] E & 2~ (Peatmoss, Sunshine, Sun Gro Horticulture Canada Ltd.,, Canada):Z2}o]| E
(Perlite, 7HAFQ! 25, (F)A A ZH)=1:1:18 ZAst] 7H4] WiFE F/FE 128% 91 E
glojol Aglon, 35% A stellA AdstAow A o 107414 3nkEo 2 X253l
=3

(3) v EFT

SH A HEFEe mE A 5SS dolHy] sty FAHYE UxT2 39 Hyponex
(N:P:K=6:10:5, Hyponex Japan, Osaka, Japan)E 500, 1,000, 2,0008] % 3]23&lo] Ao 3t
HA S A7) FoF #dF Akt ol o] o] AlgH HYES o8 JEZ 128
T FY 1 EFole] Ao 35% AFAE stellA A@stdow Az F 1070A4 39HE O
2 At
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(4) i}ﬂﬂz

-4 5% A Ags AEEZ S5 A AEA
22 ol 35, 55, 75% AFFTE X sk A

oﬂ% FER 128% FE1 EFole] MY A

] 5kt

ol e AFYEE Dohi] 1
sheich. wolmel o] Ao] AlgE WFEL:
Agagon Az @ 10444 suEow

2 Mo FUE, N—U

o 243 3 uF
1) MIEZFF

Y1 EYe]l §H A §Eo W& AS 540 oM w8 v HuEHolEVER
sigElol E =LLI(V:PePrA gk Ao HE A7k 2ol 2447 11.7cm, 9.8m% B Az
of Hl&] SrtEeH, BesnE T AE BF 10402 2 At 58700 Aol wlEhe] o
S7 AT AvrAew me Aol Hdte] & ES VIPtPr A2l7F AAA Q] Aol
Fon, ¥ A ol & Aoz Itk (Table 2-1-1, Fig. 2-1-1).

Table 2-1-1. Effect of various soil mixtures on the growth of 7Thalictrum rochebrunianum.

Shoot Leaf size(cm) Root Fresh wt(mg) Dry wt(mg)
o No. of No. of No. of
Soil mixtures length 1 foles length roots
(cm) caves betoke Length Width (cm) Shoot Root Shoot Root

Sand 7.5 312 46 14 1.8 161 58 2440 7240 66.0 2180

Horticultural

. 9.8 34.8 48 1.7 19 148 104 530.0 1,1080 76.0 308.0
media

VPtPr=1:1:1 * 117 334 48 1.8 20 167 104 3600 12420 960 3680

Z V: Vermiculite; Pt: Peatmoss; Pr: Perlite.

Horticultural Media
Sand V:Pt:Pr=1:1:1

Fig. 2-1-1. Effect of various soil mixture on the growth of 7halictrum rochebrunianum.
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(2) MsEFF

Zola Edeo] §H A HlEF T WE ASEALS dolry] s AdA3E v, 5379
ggls EE At FAHEQ] gz vs] ASo] F7HE At (Table 2-1-2, Fig. 2-1-2).
Hyponex 10008} = &]ol A Z%o] 19.9cm= Aalo HE) 7MY ZUhE Qo 1 ge o

2 20000 A7t 16.6cm=E =2 FAE BT 53] 2G4 AATol AdolAs FA el H
3l 7w ol AFo] FUMEE AdE JERATE AEbA ]l A% Hyponex 100089 A ]
7V 7bd Foka 2 o3 o= 2000, 50081, A2 o] Atk Hyponex 5008 2} 20008] 4 | ]
= Aol QoA A Apol7t YA g Skt

Table 2-1-2. Effect of fertilization levels on the growth characteristics of 7halictrum

rochebrunranum.
Leaf size (cm) Fresh wt (mg) Drv wt (mg)
Fertilization >"°% No. of No. of size icm Root res mg ry mg
level length length

(cm) leaves petioles Length Width (cm) root Shoot Root Shoot Root

Control 131 192 46 2.2 31 100 121 1,1000 1,124 2280 206.0
x 500 153 230 49 2.5 3.5 90 98 16480 8200 306.0 146.0
x 1000 199 263 51 3.2 46 95 133 26160 1,3720 4660 2240

x 2000 166 214 45 29 39 100 131 18660 12780 3280 210.0

Control x 1000 x 2000

Fig. 2-1-2. Effect of fertilization levels on the growth of 7halictrum rochebrunianum.

(3) AFd &=
Fel2 Edo] SR A AgEel wE 4SS dotry] f3 A9
35% ApFAE A EE A A

A49E ww, FH ol
g Az va S8 298 e AT (Table 2-1-3,
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Fig. 2-1-3). 35% =33x8E %240l 160cm, AAF 1,666.0mgl = 75% =37t zhzt
9.6cm, 300.0mg?l A vlauE|A Aol F7F HAT FHgTE] S5 Al 5% 2-EA 2= 4
EAE Aa ofstA wrEo] 35% Aol He| A M dwe Aoz Alg T

Table 2-1-3. Effect of shading rate on the growth of 7halictrum rochebrunianum.

Leaf size(cm) Fresh wt(mg) Dry wt(mg)
Shading Shoot No. of No. of Root No. of
(%) length leaves petioles length roots
¢ (cm) b Length Width (cm) Shoot Root Shoot Root
35 16.0 20.6 5.0 2.6 3.8 106 123 1,666.0 1,120.0 290.0 160.0
55 13.6 18.9 4.1 2.1 2.8 85 54 7660 220.0 0106.0 34.0
75 9.6 11.2 3.2 15 2.1 6.8 2.3 3000 680 36.0 8.0

Fig. 2-1-3. Effect of shading rate on the growth of Thalictrum rochebrunianum.

2. AF 9 v} 8| ( Thalictrum uchiyamai Nakai) S5 7|2

7h ATE4

AFRol el vyl e Hobm vhd A i%ﬂ%iﬁ % 6delA 797

T AT Avh A= S0em A= Al vl ofFf wkase] F717F B
1 o

} E} AFH ol tha] s wre Ao A =17 Uﬂv‘f—cﬂ
7]

o
7 o A W=
A RE FF, RS

ERET- A

a

o %37
A B A7 A g A7 2o P
A ARAAAT WA @ Aol B ATE AT

9@ AL FEAG AT L olns] Aol A

¥ fo 2 O MM ru?i ol
MN _l

do to i ob 2
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Y. A5 #2 0y
(1) AAA=

Ao AEHE FAE A71E EAA A FEAEdelA 20139 99 156 AT F
20143 3¢ 18¥e| 5C cold-lab chamber(DS-91, Dasol Scientific Co., Hwaseong, Korea)®l
1073 S4A & dolgt fFH T #4d MAIES =2 79 169 27 Aol A 128

& e Edold olyste] 125 Foll A554S ARSI o AEY $dT A
FA Al AR E = 1%3%‘% A S AAEA

(2) MEEZSF

SH A WYE FFd o d EAS dotrr] fste]l R (Sand), €& HE
(Horticultural media, 153 E ==, dssAA), Hu|E 2ol E(Vermiculite, W1 F2], (5)A]
of| ] ): 3 E & 2~ (Peatmoss, Sunshine, Sun Gro Horticulture Canada Ltd.,, Canada):ZZ}olE
(Perlite, 7HAFQ! 25, (F)A A ZH)=1:1:18 ZA5te] 37H4] WGE F7= 128% =91 E
gojo] Al ew, 35% zFA stollA AdAsA o A T 107AH 3oz A2kl

A

/lg =z

g ol

H A HE w&d & A 5SS dolrr] fste] FAIHE tixF= 3lo] Hyponex
:K=6:10:5, Hyponex Japan, Osaka, Japan)Z 500, 1,000, 2,000u) 2 3]23}o] AFAdo] 3k
@‘4 A5 A7 &< #F At wolr o o)A ALgH wYEEE o8 FEZ 128
T FY 1 E#ole] Alom 35% AFAe stela A@stdow Az F 1071AH 39HE O

59 253 A Age AEZR S5 Al AFEA
22 el A 35, 55, 75% AFTE A s Ad
o § FEZ 128% Fol1 EFold AY AP
A g sk Atk

¢ o
ol
=8
Ll
=
o
e
f
N
do
ot
ol
2
2 o mL E)

ShsAek ol o) 4el A4 HH‘%}E%
Agetgon A g 1

L= < ) =L
(1) MIESHF

AFHgttee ddg AE At 240 11dmE 7FE 7 Eon 1 tggow R
A2 7F 10.lem® Z7F vk (Table 2-2-1, Fig. 2-2-1). 9§ A E oA & o] H
dl Aok AEE AT AEF BT AFo] TUFHEAL ZE M s V:IPtPr A g y|
a Mzdol ¥ A= S EASY Ao Av], B AF AA FAE FASATH
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Table 2-2-1. Effect of various soil mixture on the growth of 7halictrum uchiyamari.

Shoot Leaf size (cm) Root Fresh wt (mg) Dry wt (mg)
o No. of No. of No. of
Soil mixtures length length

(cm) leaves petioles | enoth Width (cm) T Shoot Root  Shoot Root

Sand 101 305 50 2.1 26 96 54 3040 2520 1020 66.0
rljl(:;dtilgulmral 14 327 50 26 31 112 86 5660 5040 1680 1220

VPtPr=1:1:1 * 87 282 46 2.2 31 112 86 4020 4920 1180 146.0

Z V: Vermiculite; Pt: Peatmoss; Pr: Perlite.

Horticultural Media

SHHG V:Pt:Pr=1:1:1

Fig. 2-2-1. Effect of various soil mixture on the growth of 7halictrum uchiyamari.

(2) vlaTT

Fel1 Efo] §8 A HETTd nE AF54S dotir] 3 AF4xE 2, (54
ojkglel oA FA QL thxF ol v e Ao A&o] FUtEH= AdME YERY AT
(Table 2-2-2, Fig. 2-2-2). Hyponex 10008} <} = g]o Al AlzZo]7} 53cm, F57F 13571 =
o2 A v& b SUrE AT AT 2 AEF oA E Hyponex 100081} = 2] 7}
Mg St ABE BAF
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Table 2-2-2. Effect of fertilization levels on the growth of 7Thalictrum uchiyamai.

Fertilization li}r:(t)ltl No. of NQ. of Leal size(cm) lgootth Fresh witmg) = Dry wi(mg)
level (cm) leaves petioles Length Width (cm) roots Shoot Root  Shoot Root
Control 4.3 9.8 3.3 1.0 1.3 120 47 3700 3260 1160 &40
x 500 45 116 38 12 14 111 81 5340 4420 1460 112.0
x 1000 5.3 135 36 12 1.3 121 74 5830 4640 13820 1240
x 2000 49 108 37 11 14 125 50 4240 3920 1300 1080

Control | %500/  x1000 x 2000

Fig. 2-2-2. Effect of fertilization levels on the growth of Thalictrum uchiyamari.

(3) AHFA =

92 Edlo] SH A A@F o WE ASS Yolr7] 93 AFAAE
= 55% AFAT Al AxZol7t 64em=E M SUEYCH, O o
49cm, 35% =B8] 7F 4.2cm 2o 2 YEFYTHTable 2-2-3, Fig. 2-2-3).

Table 2-2-3. The effect of shading rate on the growth characteristics

W, 2477 ol v
2 75% A

of Thalictrum

uchiyamar.
Shadin Shoot No. of No. of Leaf size (cm) Root No. of Fresh wt (mg) Dry wt (mg)
(%) length leaves petioles length roots
© (cm) b Length Width (cm) Shoot Root  Shoot Root
35 4.2 105 3.1 1.1 1.3 125 47 3460 2840 1000 70.0
55 6.4 104 3.2 1.1 1.3 140 44 5180 3140 1380 &6.0
7 49 89 29 1.0 1.3 134 48 3360 2720 1020 720
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BAlT 2 AdETol oAM= 55% AdA e Al 7P Sk = 2aE dE Y. AE 9
chelel loiM = 55% A el 7E the Al wisiM dAAQd Aol FUhE = dyE Ko
T

Fig. 2-2-3. Effect of shading rate on the growth of 7halictrum uchiyamari.

3. A A} F ( Thalictrum coreanum Hlev.) S EH 7

7b AT EH

AdH el 445 dFA74E 2 oR AAH = AR o] dds @& Fu
dt Aot} dddHothel= vy oAl ate] Hobs A 2EAEEA X2 694 <
3 AFMor A A7|E 60cm =2 A Aeta HlwH oFE WaE 57 Be
upe] Felek e Stoll A A Abgtnh 3 @A <le] WATEAVE Held AeR asx i w3
ol FEAe] Aol Fa Av|7E Aol kg, SdE W 248 AEEAM ol &rHA7) wg
E2 Aot ddF v B d7e dFAVINERA o887 of7] HEel AEE
Aab Aol it dtnte]l vha o] o] gom WA Bl Ajufel] e A= AR Aoy
AdF et BEAVI A= E5AAM AR A= mA S Aneh 2 A7 @ol
ojFolMol & Ao w ALRETh wehr AdF v §BA WIYE FH R AFAET FE

A

. A5 3
() 2=

(2) MIEF

St
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SH Al WYEEFRA mE Y 54S dolrry] 9ol E#H(Sand), 9dE A
(Horticultural media, N E ==, x5 AA), Hu]Ego] E(Vermiculite, H1|+2], (F7)
of A ): 3] E & 2~ (Peatmoss, Sunshine, Sun Gro Horticulture Canada Ltd., Canada):Z &}o]
(Perlite, 72 AFQ! 25, (F)A AN ZH)=1:1:12 FA st 37H4] WiFE T/FE 128% ZE21 E
dlojel 2L, 35% =FA 2 stoll A APt om el F 107444 3w g X233

m >

(3 ABA=
WA 2o} Abvlmel 157 RAA Adbe AER S1 A 3B
orol 7] 913ke] MU A Ulel A 35 55, 75% BT A she] A
AEE WFEE Ao HEZ 18F S Edold A9 A
0/ A 38 o Ae s,

off

lo,

r ﬂ‘
o

B

1>

il

rlo

us)

© =

sheich. wobmel o4
A or A

= 9

o A% 2 2
(1) MIEZTF

Ao telol old Aol A5 A7k A Afel FANNACW 1 o ViPLpr
A7t Aol F7HE A B At Aso]l M Ax sk A& dESH VIPtPr A
o= EF JERAVE S3Ho et YERAE A AAA R 3 Aak Al 7P @ol AL
|otal dom, HFAo] Holu §E W TS FAAA F7] wdd BHadol gle =2 A
g ®Hoh AFo] FUYH o= AtsHH(Table 2-3-1, Fig. 2-3-1).

Table 2-3-1. Effect of various soil mixture on the growth characteristics of 7halictrum

coreanum.
o Shoot No. of No. of Leaf size (cm) Root No. of Fresh wt (mg) Dry wt (mg)
Soil mixtures length 1 ol length "
(cm) ~CAves DELOIes Length Width (cm) TS Shoot  Root  Shoot Root
Sand 8.2 9.8 48 15 1.7 104 42 2040 1980 46.0 50
Horticwltural 50 154 46 19 24 99 60 350 2840 800 660
media

VPtPr=1:1:1 * 108 100 52 2.0 24 11.0 54 3180 2560 680 530

“ V: Vermiculite; Pt: Peatmoss; Pr: Perlite.
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Horticultural Media
Sand V:Pt:Pr=1:1:1

Fig. 2-3-1. Effect of various soil mixture on the growth of 7halictrum coreanum.

(2) AJAE

EY 1 EFe] SH A A#Fgo| wE ASKS dolry] 9 AFAAE B, 35% AFA
g Al o2 Al HlE] AwrH o Aol JbY FUE= ARE HAFAom, 55% A
g7t F A" E 8ol Z7FE A (Table 2-3-2, Fig. 2-3-2). AlxZolo] qlojAx= 3x]8 &
T2 Aoz gllon ele] A Bl AFRe AsHE FA A= zbolrt wWeol Wl
35% AFAE 7y 5% A e vlE| xRk A FATE T ou) o)A FhE AT A4
Aol A ddHFertel= wasdA FE ASAT SEA YT =2 akdstdA Ausd =
et7] wdel Aol v E R o7t 3 Qs

Table 2-3-2. Effect of shading rate on the growth characteristics of 7halictrum coreanum.

Leaf size (cm) Fresh wt (mg) wt (mg)
Shading Slrioo}‘i No. of No. of Root & Dry e

o.
lengt ; length
(%) (cm) leaves petioles Length Width (cm) TOOtS  Shoot  Root  Shoot  Root

35 107 120 54 26 27 126 104 3860 5340 8.0 940
55 107 110 66 2.0 23 119 42 2020 1200 420 240
75 10.8 5.8 4.8 20 24 115 34 1320 940 240 140
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55% 75%

Fig. 2-3-2. Effect of shading rate on the growth of Thalictrum coreanum.

4. v} 9] v) U8 o} A ¥] (Ranunculus crucilobus Hlev. ) 29 /&

7 ATEA
shelvl oAl vl eobalu sel et vhdA 2EABEA 5ReN 7274 A9
2o Wk A71E 0em A= Aod s Lo ¥ nA Bwold F2 uch 3

Ag AW BANNE WA Aee Aehin 2o| ofBTeE =7t Ao} BEE, Hrkg
2 A9 G A22A ol gatu W Foh wpslmuiolAule] #d AFE BFAH AT
ta AU WA D Aol B3 AT AT Aotk Hebd AU R 24E 2A=

=7 FRA%

A ol §HAL e usvidelobAn] SEA MYE FF, MEFE D 43Y
of WA= GFe olrs] flske] AR AAL,

4 As R 8
(D) A=
Aol AHgE A= AR SUA A FEA =l 2012d =2 20139 7TEHH 84
2 AEd FAE ol sk MIGEST AL 20129 AL TAE FUFS v
Aol sFate] 20139 el HE 19

SAl ol 4 ete] 165 ol A
g FA2 2013 8¢ 23Ul
< = 3¢ 299 77 A

FAH AUAF A Aol

A F 20143 3¢ 27 Z47hel A g
e zAEYG o, RlEsE 2 F3AE A8e 20139 A=
ol BEF FAT AAE

of BtAl o]Aste] 105 Foll A5 24 sttt o A&}
! e

= _tlo

o

(2) WIEZF

SH A WEESF wWE Y 545 golrry] #de E#H(Sand), HddE& HFE
(Horticultural media, 5% &=, tssAtA]), Hu&go] E(Vermiculite, H1|F2], (F)A
o LX) Wu|Eglo| BT E X A~ (Peatmoss, Sunshine, Sun Gro Horticulture Canada Ltd.,
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Canada):Z 2} o] E(Perlite, 773 2%, (F)AANZA)=1:1:12 ZA St 4714 WYE FTFHZE
508 Zel1 Eolo e, 35% xFAe st Ao A T 1071A4 3uE
o2 AHstAtt

3) vl =mFTF

SH A HEsLd mE A 545 dolry] fste] FAIHE g2 2 3ste] Hyponex
(N:P:K=6:10:5, Hyponex Japan, Osaka, Japan)E 500, 1,000, 2,000u 2 3435l dFHel 3t
HA S 717 St #F APttt Yolr ] o] Ao ALgH wYES A48 YER 128
¥ 2o meold Aglen 3% AdA sold Adaslon e w1074 3w
st AT

e
2
i)

4) A=

vpelvelobA e F2 maA v FAA Arks 4ER AAWNA FE A 43
of e YFAEE dobu] Astel vided WelA 35, 55 5% AYTE AAs] 4
gtk wotmel ol 4ol AHgE WFEE Aol YEZ 128% Fej 2dold A9 2 A
gsrgom A F 10A4A% 3nRoR Aelsgch

ki

9. 43 9 1
(1) MIEFTF

vk ulupg]obAl vl = ViPtPr A Al 2%o] 120mz 7HE S7lE o 1 oz 4
& BEVY Aol FUtE = AE vEUew dA A Al Aol 7 @kt (Table
2-4-1, Fig. 2-4-1). 7+ dd& ZE A7t 74 SV oY 94 2 5ol doA =
VPtPr A7t 7Hd S7tE Ak A H Ao ATl doiA = ViPtPr A 22t
523g, 58lgeZ 71 T7IHE Y I o2 do8 FE A & oldu. A4 AHue tE
Aol Ha] e Aol AaHE AFAE YERSdEd v v ol Au) EEZ A9}
stA 2 AS & T UM

AR AN .

Table 2-4-1. Effect of various soil mixture on the growth characteristics of Ramunculus

cructlobus.

o Shoot No. of Leaf size (cm) Root No. of Fresh wt (g) Dry wt (g)
Soil mixtures length loaves ] length rooks

(cm) Length Width (cm) Shoot  Root Shoot Root

Sand 10.2 17.4 39 5.2 114 540 4.76 5.68 0.84 0.96
Horticultural =y o 176 57 49 152 558 512 565 107 099
media
Vermiculite 9.2 124 3.1 47 137 472 2.65 3.03 0.40 0.49

V:PtPr=1:1:1 *  12.0 14.0 4.2 5.6 154 480 523 5.81 089 1.05

* V: Vermiculite; Pt: Peatmoss; Pr: Perlite.
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Horticultural media V:Pt:Pr=1:1:1
Vermiculite

Fig. 2-4-1. Effect of various soil mixture on the growth of Ranunculus crucilobus.

(2) v

FY 1 Ede] SH A HEFTd nE AS5EHS dolny] g3 AFgAAE B, FAE
A "ol HEl BEE AHgolA Kol FTUkEE AFAE JERATH(Table 2-4-2, Fig.
2-4-2). 53], Hyponex 10008 2 20008 < A gjol 4] t}& Ao Ha] w2l AKo] F7F
HAom F Ay e Kol AA Aol WA &FATh Hyponex 5008§ A 2] =
Hyponex 10008} 2 20008 <} A glo H]&] s vpgiu|vbg]otAn] F12 A lojA =
AES a7l 233 Jeydoh

Table 2-4-2. Effect of fertilization levels on the growth characteristics of FRanunculus

crucilobus.

e Shoot Leaf size (cm) Root Fresh wt (mg)  Dry wt (mg)
Fertilization No. of o.

lovel length 1 length "

ceve (cm) caves Length Width (cm) TOOLS ™ Shoot  Root Shoot  Root

Control 8.8 44 2.3 3.2 7.0 6.6 570 1975 7.0 188
x 500 11.3 45 2.9 3.7 9.4 89 11263 391.3 120.0  33.8
x 1000 129 4.8 3.6 4.7 11.0 99 18363 642.3 2175 575
x 2000 13.3 5.0 3.5 4.7 99 106 18288 67838 223.8 5838
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Control ® 500 1, ®x 2 000

Fig. 2-4-2. Effect of fertilization levels on the growth of Ranunculus crucilobus.

() A=
ZH1 Ede] 1 /‘] Aggel] wE mkeivivgobAn] A5S dotry] 93 dAAAE

B, 350 AGAL A AzAel7 113em= th2 Aele] we) 7bg F7h5 Ark(Table 2-4-3,
Fig. 2-4-3). A% 2 ou 719 glol A 35% AFAe st b Asel FAHE A%E v}
Bl BAF % ABF QoA 35% AFA A Y FAHE ﬁ»}a SRR

o2 Hed nvls] Ful o] FFE ST vhelE v oAb = 1
EZ 32 A Aol %= 50%0]/de] AFAel= Sl 4 &

Table 2-4-3. The effect of shading rate on the growth -characteristics of FRanunculus

crucilobus.
Shading Shoot No. of Leaf size (cm) Root No. of Fresh wt (mg) Dry wt (mg)
(%) length leaves length Toots
(cm) Length Width (cm) Shoot  Root Shoot Root
3D 11.3 4.8 2.9 40 9.3 94 10788 4175 121.3 338
55 6.6 3.6 14 1.7 5.8 4.0 191.3 50.0 16.3 3.8
75 6.8 2.4 1.2 16 5.2 2.0 101.3 26.3 8.8 2.5
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Fig. 2-4-3. Effect of shading rate on the growth of Famunculus crucilobus.

5. Wi 25 2 (Aquilegia buergeriana var. oxysepala) <X 7|

7h AT 54
S 2 vupgobAu] kel ek thd A 2EAERA SddA TE9d =ulo]l ke A
FHoR 7HA] ZoA How ddnt Elvel Aol A ek Al AnbE kel A
goh wie] AEE w2 o] offuy wEHE, s W 2A4E HERA olgsy vy =
ok delol M= e deFE ol MEEo] of&Ha v Y B 2ALAEA o] §7HA
7 =2 a8 A YR S, HEsT 2 ARAETE FRAE As 9EFS &
Al o

Aol AHEE A= 7R &4 A FEAE A 2013d 8ERE 9¥ 2e7bA Al
T 4T A2A%aed Baednirb 20149 49 11Y9

W 248 ol gk AF 7he
ool shEstel wold AR BE Z47he Auld] A AW ANART 165 Fol 4
$54¢ 24 sk 9 493 BAF ARAFAFAL] AR Fo] Qi vl 2ol
A8 AAs,

(2) MIEZT

SH A MEESFA wWE AF 54S dolrry] fde E#H(Sand), ddE& FE
(Horticultural media, Y54 E ==, s 5AA), HulEeto] B3] E B 2~ (Peatmoss, Sunshine,
Sun Gro Horticulture Canada Ltd., Canada):Z2}o]E(Perlite, 7wZAFS 2%, (7)Ao
A)=1:1:12 ZAse] 37HA] HIYE T/RE 128% Z82 Efold QYo 35% =33z 3t
ol A Adstgl o g o 107442 3wk o7 A sl

(3) HlEFE
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S0 Al HBEFE e A EAS dolrry] 9o FAHIE HETE de] Hyponex
(N:P:K=6:10:5, Hyponex Japan, Osaka, Japan)Z 500, 1,000, 2,0008]2 3gJAsle] Ao 3t
HA AS A7)7E 5o IF A2ledal 35% AFA ] spolA] AT ol o] o]
AHEE HISEE A8 AER 1283 Z¢1 Efold e A A& oen Az & 10
NAA 39rE o2 A28}

B AAAEE gotry] fsto] Hd24d WellA 35, 55, 75% A3
dopiel o] Aol AbSE MYES & JER 128% F1 Ef
of Abgstlom Ae] F 1074 3ukn oz A st

i EES o8 FE HY Al & A Hs ASo] 7P FrEJ e Rt
Agol 71 oA FHAh Yelg HE AL A 2FL T4emZ2 7S SUHEeH O oee
2 V:PtPr A8 A 61m% Z7F¥ 0 tH(Table 2-5-1, Fig. 2-5-1). 9, 94 2 = 29
ME AdE FE A7 7P S7E A 1 e o2 VIPEPr A g7 S AT AT 2
AEzol oA dodg FE A Al AGHE AFo] 7ME F7tEHJoH As E ASS

V:PtPr 87} 7F8 2718 = 232 Jehg 9o

Table 2-5-1. Effect of wvarious soil mixture on the growth characteristics of Aquilegia

buergeriana var. oxysepala.

Shoot Leaf size (cm) Root Root Fresh wt Dry wt (mg)
. No. of No. of .. (mg)
Soil mixtures length 1 length ; diameter
(cm) CAVES Length Width (cm) 0%  (cm) Shoot Root  Shoot Root
Sand 4.6 10.2 09 1.1 9.1 3.6 0.1 64.0 38.0 116 10.2
Horticultural 7 ) 151 1g 09 96 68 02 2075 1088 495 193
media

VibPtPr=1:1:1 * 61 121 1.2 14 104 6.0 02 1329 1200 273 22.0

2 V: Vermiculite; Pt: Peatmoss; Pr: Perlite.
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V:Pt:Pr=1:1:1
Sand Horticultural media

Fig. 2-5-1. Effect of wvarious soil mixture on the growth of Aquilegia buergeriana var.

oxysepala.

g1 Ero] SH A HEFE WE A554S dotr] A% AddAdE nd v

i
?E i

Table 2-5-2. Effect of fertilization levels on the growth characteristics of Aquilegia

buergeriana var. oxysepala.

L Shoot Leaf size (cm) Root Root Fresh wt (mg) Dry wt (mg)
Fertilization No. of o. of ..
length 1 length diameter
level (cm) [€4VeS Length Width (e % (¢qm) Shoot Root Shoot Root

Control 78 170 17 23 106 6.0 03 3520 4560 1138 104.8
x 500 126 186 25 32 144 74 04 8440 560.0 304.0 126.6
x 1000 95 180 20 29 100 70 04 5300 5240 1528 95.0
x 2000 94 160 16 25 103 54 03 3380 2840 1014 59.2

Hyponex 5008} A 27} A4l 5ol 7Hd S7FE e 1 v S =2 Hyponex 10004
A HE7F F7E AT Hyponex 50081 A2 Al 270l 126ecm= 7 S7hElow 1t
S © 2 Hyponex 1000¥1¢} &7} 95cm= F7FE Ak AR 2 Ae AASo] oAM=
Hyponex 500818 2] A Z}Z} 844mg, 560mgl. 2 7H4 Z7tE s 232 Jepggde. wius
29 FEA dolA= Hyponex 50081} A7t A5E 7H S7HA17]+= Ao= Yehygl
tH(Table 2-5-2, Fig. 2-5-2).
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Control % 500 x 1,000 » 2 000

Fig. 2-5-2. Effect of fertilization levels on the growth of Aquilegia buergeriana var. oxysepala.

(3) AFA=

Fe1 Edo]l SH A AF&d wE wdEE ASS dotury] 9e =
55% A@A T Al AlZxZol7t 963cmz tE APl ®laE 4 FrtEden I tgow
35% AFAE Al 87cmE ZF7FH A tHTable 2-5-3, Fig. 2-5-3). @50l dojA & 35%
Al 160702 7Hd S7tE = A3E dErdlon 33 JFol dojxE 55% A 8 7F 35%A
o vla| tha FrtE e A3E e ASHE A5l dojAE 35%AH B 7F 55% 2 A 2
Bt oh S 232 el

Table 2-5-3. The effect of shading rate on the growth characteristics of Aquilegia

buergeriana var. oxysepala.

. Shoot Leaf size (cm) Root Root Fresh wi Dry wt (mg)
Shading No. of o. of . (mg)
(%) length leaves _ length oots diameter
© (cm) Length Width (cm) (cm) Shoot Root Shoot Root
35 8.7 16.0 1.6 2.0 10.7 7.0 0.2 163.3 196.7 423 31.3
55 9.6 10.8 1.7 2.1 10.2 6.2 0.2 106.0 820 156 126
6 75 11.3 0.9 1.2 7.1 35 0.1 90.0 375 9.3 4.0

Aok Ao AT 2 AEFT olM = 35% AdA P rE v Al v dE

3 S7FH = A3E YERAT 55% A = midEE FH Aol oA v ke A 8§t
71 wiZol 35% AFA 7L R AFel oA M F& Aoz Alrdn. 5% A= o
of A7|= Ao B A EFste] AAA] ASo] A= Ao e
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Fig. 2-5-3. Effect of shading rate on the growth of Aquilegia buergeriana var. oxysepala.

6. 57}t £ (Pulsatilla tongkangensis) S E W 7N

7h ATEA

A RE vigeobn st Sehs b 2EANEEAM FdRE T4 A vkeE
A FR Ak SUE AT AT @5 BT 497 R B B T A9
2g w91 7 15em AR Adh ol ohFus] AL FREE AHR AAFL
ZHashal glo] ol Wad AZolrh AEe] AVt Au FE o} FHHe] g, g o
2748 A=A olgstd wg Foh slelol = st D ddEE ol EE o
o gt s el gk e FEH B2 SRl Aoy v A3 EA WA B A
ool #et e mlEE Aok mEbd SEA MGE T, EsT W AFAEEI R
Aol PAE GFs dotry] 9t dds AAsAT

g A 2L g
(1) A8 A=
Agol AHEE FAE 20129 59 AU AHAA ABHYOH 5C ALAGT
SITh7h 20149 39 149 Fhe wldedel wEste] wold BE wAd AAES 2 69
269 7zt Aol WA olAste] 14% Fol AKEAL 24 AT A AFH F !
! 2

AE Al dol dAE Sl= HE )

(2) MIEZF

SH A MYESTFA 02 AY 5SS dolry] f13te] R (Sand), = eto]l E(Perlite, 7
HARQl 235, (F)AANZH), Do g A E(Horticultural media, s E F=, EsAA]), #H|
Fe}o]l Eiv] E X A~ (Peatmoss, Sunshine, Sun Gro Horticulture Canada Ltd., Canada):Z&}o] &
=112 ZA k] 4714 HiYE FRE 128%F F81 Edolo Aon, 35% AdA e sfel
A At o A & 10/ AA 3RkE o= A skt
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SH A HEFEe mE A 5SS dolHV] sty FAHE dlxT2 39 Hyponex
10:5, Hyponex Japan, Osaka, Japan)Z 500, 1,0008] = 3]Asle] dFAo] 3k ¥HA

A5 A717F s IF AP st 35% AdA el st A Attt ol o] o] Ao Ag-H
HGES dd& JEZ 128%F FH 2 Edold A9 Ao Argstdem A7 3 107 A4

) 8 goliy] $1ste] mld e Vel A 35, 55, 75% A%
£ gAste] Agsarh Wolre oo AgE WFEE Ud§ HER 18F el =9
O 3ukE o % A2 skt

il

-
=2
24
1o
1
oo
=
S
o
ofo
ol
ol
2
o
A
2l
AC)
ol |
—

AR FUE B A IR g FHurgk EdolE & HEsta A
AN AEo|tt Mutgow BoS uw HlolE HElE At EE A oA vlud 2§ o]
Hl =3kl YElsb=d 1 5 B AgelA ASeo] tah F7HE = AHE YERAT Al 2 o]
of lojA R 7F 56cm= 7HE AR YdE AES VIPtPr A7 2] 55cm=z YERE =)
GoAdLe gl9tH(Table 2-6-1, Fig. 2-6-1).

Table 2-6-1. Effect of various soil mixture on the growth characteristics of Pulsatilia
tongkangensis.

Shoot No. of Leaf size (cm) Root No. of Root Fr(esh )Wt Dry wt (mg)
Soil mixtures length 1 ) length .t diameter s
(cm) CAVES Length Width (cm) 0%  (cm) Shoot Root  Shoot Root

Sand 5.6 4.8 2.7 4.1 108 5.0 0.2 376.0 384.0 948 838
Perlite 3.3 3.6 1.7 2.1 9.1 3.2 0.1 1280 720 284 170
Horticultural

A 55 46 2.7 3.8 12.8 54 0.2 3740 3960 728 844
media

V:PtPr=1:1:1 * 55 3.8 24 3.0 126 48 02 38.0 3340 574 756

Z V: Vermiculite; Pt: Peatmoss; Pr: Perlite.

oE B Bt wel B3@0 Rl Huw wpelst ge RAAE 2 Aete HEol
Wi me) AR gl FUW A0E ARET 1ot §H A MFFER RS
o1 g3tW wEgol A glol A7 waaloksta T Eelole] FA ol Urbr] wpEol
A g FES 0§35 Aol L AOoE AR
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Perlite V:PL:Pr=1:1:1
Horticultural media

Fig. 2-6-1. Effect of various soil mixture on the growth of Pulsatilla tongkangensis.

(2) HlgETT

AFELS dolr7y] 93 4324345 B, 747

= ZA3%E Yepti(Table 2-6-2, Fig. 2-6-2).

T, ) dol 7l 2442 47cm, 4.270, 14.6cm=E tHE A

© 2 Hyponex 10008]<} =J2]7} AS-o]
+ Hyponex 10008 <} A 2|7} 78 5

of H3 == AgoA AL
Hyponex 5008} x 2] A] A%

Z79E A%E JeyAh A% 2 A2 5
e Asg e

Table 2-6-2. Effect of fertilization levels on the growth characteristics of Pulsatilia
tongkangensis.

. Fresh wt
o Shoot Leaf size (cm) Root Root (me) Dry wt (mg)
Fertilization No. of o. of .. mg
level length leaves length roots diameter
(cm) Length Width (cm) (cm)  Shoot Root Shoot Root

Control 3.4 3.2 1.5 20 100 3.0 012 800 540 202 180

x 500 47 4.2 2.1 277 146 44 018 190.0 1180 39.0 350

<1000 41 4.0 2.2 3.0 127 50 018 2640 1740 356.0 454
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Control

Fig. 2-6-2. Effect of fertilization levels on the growth of Pulsatilla tongkangensis.

(3) AFH =

el Edo] 1 A AEEel o
35% AFA Y Al Azdol7t 48cm=
2 =8| A Aol7t TUte Aoz AR EH(Table 2-6-3). Al x40
Ae7F v Al Hla 2= AFo] FUhE= A3E yEhdY. 4 35% 2kgA 2] 7}
4002 71 S7hEAAL L o502 55% AgA et 357 SHE S 5% AF3FA e 7t
7HE FA @uth 538 AT R AdeETel oM oE Al Hlel 35% A7
7t = 23E YEHdY A Eo] wold s AEAls EAste] AFol AxdA = As
& AT wmeEbd FAEW R FH A 35% AFF shell A Auietd Aol M 5
Aoz AlgHT),

Table 2-6-3. The effect of shading rate on the growth of Pulsatilla tongkangensis.

. Fresh
_ Shoot Leaf size (cm) Root Root r(es )Wt Dry wt (mg)
Shading No. of No. of . mg
(%) length leaves length roots diameter
(cm) Length Width (cm) (cm) Shoot Root Shoot Root
35 4.8 4.1 1.7 22 169 71 02 1211 &6 289 244
55 6.0 35 1.3 1.7 137 43 0.1 733 317 133 67
5) 6.0 3.2 1.2 1.8 115 4.0 0.1 640 280 100 8.0
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7. A\ X v} (Heloniopsis koreana) B /&

7. A=A

AYAHE WG Fait God izl $4o) FHA e vSan Fa@ 149
G el A 495 E obEThe AAale] Rol 7] AlAstn skl Am, <ol 4
S40]7] wol TTHATE Bob dHe] e AAAANE AR A4 22 ATk AUA
v AEgom el Aol BT F Un AUE BB, 2P E AARAE o] o]
stk AUAEt] B AT ARRAI Je] B A7} ha AAHYAW WA 2
Aol B ATe zAue] B Aol WaAHo] §1 SR B ATE AFD A
Qolth, webd §EA WnFE 2 AR FRAGE] VA s 9ge Dolur] slshel A
@e AAs.

A= A7NE EAA A A A 20139 59 AFsA e Tt
FAAAES = 69 269 ZHzel Ao
FATh ¢ 2 Ed AuAEdgade]l A

10
B AV B BF Aesgla 35% FA sl APk Wopwel ool ALgH
Ag HEE 128% S Edold A9 4@l Agstacm A 3 10444

S0 A A= hE YIYES Fohur] gAstel v WAM 35, 55, 75% HPT
2 gAste] AR Wolre oo AgH WIEE U § YER 18F Feja =9
ol A AR Agetdom A F 10/AAH IHow A shivh

Fea Edo] §H A NESF BE YREHLS ol 9% AFANE B, FAe

of vl e AgdA Aol TrtHEE A3E yetl At (Table 2-7-1, Fig. 2-7-1). 1 %
3

2l Al Axdols 22cm=E UlERT9; vus)]E = w) ol Z7Ha 1 teowm
Hyponex 5008 <} 2|7} 2.0cm® ekl et A745 Aol delA Hyponex 1000H] 4 A
27} 53.6mge 2 79 54mg Hlaske] 108 A xol7b Wk Ay v ol ¥ &
B AV v Fa JFo] = AEZ 81 AU A Fort Fask Aot} ulebA] A
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UAlekel &1 A REEA] AR[AZE st Aol AFo] SUFHA HAARE fdAs AS

A = Ao Hyponex 100081} A&7} 718 2 A& HolFAth

Table 2-7-1 Effect of fertilization levels on the growth -characteristics of Heloniopsis

koreana.
o Shoot Leaf size (cm) Root Fresh wt (mg) Dry wt (mg)
Fertilization No. o 0. O
lovel length ) length "
eve (cm) caves Length Width (cm) TOOS  Shoot  Root  Shoot  Root
Control 03 7.0 0.6 0.2 51 44 54 3.4 1.0 0.8
x 500 0.8 10.0 1.0 0.4 54 7.6 31.0 7.6 5.0 14
x 1000 0.9 11.0 1.1 0.6 7.5 7.6 53.6 25.4 7.8 4.2
x 2000 0.5 8.4 0.9 0.4 6.5 5.4 29.6 12.4 46 2.2

Control

Fig. 2-7-1. Effect of fertilization levels on the growth of Heloniopsis koreana.

(2) A=
e Edlo] &1 A AFEe wE AUAn AS5E dotry] 9% dddyE wd
55% gAY Al AzAel7F 0.78cm= v Aeldl Bla) 7Hg SUFEe™ 4, 9 %
e S7ME = 235 JEhl AtH(Table 2-7-2, Fig. 2-7-2). 35% 23A Al 4, e, o
gldo], AT B A=Fol 75% AFAe et nass w S7MEAL GEALS Fag Ao
7

dehgsdl ol 75% AFA Y @gel FhE AL B AFEE Aste] Yol =g

golth, AUARte] AKBAe] Faea WaEA FA5Y 4 AL Ak Wl fu
ol QolA 3% AR fE AFE =@s) oM 5% AR FHE £47EE
[e]

55% ztgo] el 7 2 2310 AS & AU
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Table 2-7-2.

The effect of shading rate on the growth characteristics of Heloniopsis

koreana.
‘ Shoot Leaf size (cm) Root Fresh wt (mg) Dry wt (mg)
Shading 0. 0 0. O
(%) length leaves length roots
© (cm) Length Width (cm) Shoot Root  Shoot Root
35 0.3 54 0.5 0.2 4.1 34 48 3.0 0.6 0.6
55 0.7 7.2 0.9 04 54 5.1 12.2 5.8 16 1.0
IR) 0.3 48 0.9 0.2 2.6 3.0 4.6 14 0.6 0.4

Fig. 2-7-2. Effect of shading rate on the growth of Heloniopsis koreana.

8. AY B F A (Helleborus orientalis Lam.) B9 /&

e

e B F ot vy ol dhol] Hahs A thdzea] fdo] 9akel AZolrh S
goll e 29 497 Asted, dduFat dd8 B dslgonn o gsw o B
P #3 BEd A Qo] uE 1pon H9d AetAw vl kg F2 JGBE s
2 Hw. SEee ] A2ow A P 2AE AANERA V2 A3 gt dYRFA
o 1 A ABAEI FHAF WAE JFS doln ] ke 2aSe AA A

OﬂO\:q Uj].

A e A E Aol 2013 5974 A E st
B o =2} 39 269 Aol uHA o]

& A==



2 AFAEE dolr ] fIste] vid2A oA 35 55, 75% 2HET
E | AlEE MYEE dd8 AER 1289 ZHa Ed

of AHgstgom Aol P SAAY 3Nz A sk

Q0

el Edo] $H A ABed] wE AT QKL Fohur] A% FPANES wy,
3% AFAE Al AlzHol7t 56em, @7t SANMNE THE F7HEATHTable 2-8-1, Fig.
2-8-1). 7 b o R 75% AFAYsE Az 50emE FAHQE ol £e AR <
stel =gyl WMol 55% AFAe wok Azdolst F7hE Aolth AAF L ABZ
QOINE 35% A#Ae) 7t 74 ZFrhEdon] 2 theo® 55% 75% o et o A
§ A7 AAnFsel GR Aol oA 3% AR FR A% A T AR 219
Ae &+ Atk

Table 2-8-1. The effect of shading rate on the growth of Helleborus orientalis.

Leaf size (cm) Fresh wt (mg) Dry wt (mg)
Shading Shoot No. of cal swze e Root No. of es e Y me
(%) length leaves . length roots
(cm) Length Width (cm) Shoot Root  Shoot Root
35 5.6 54 2.6 1.6 10.1 104  401.0 211.0 740 290
55 45 51 2.0 1.3 9.6 6.5 216.0 101.0 350 100
6) 5.0 3.0 19 1.1 104 4.3 153.0 720 21.0 7.0

Fig. 2-8-1. Effect of shading rate on the growth of Helleborus orientalis.
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9. 4¥ R (Erythronium japonicum) % B 7|

Al A= Wgtate] EFoh= S thdxEA Ao 212 S W sd gl Add. =
717F 1AL o] BElol A niz yom R 494 AFAo R offlE e Gty o] F3
of5H7] wWitel AA M= HEE FHT =2 AEolvh AFA o] obFuhe] HIEA
AEstel Fom A % gde] 4P aFol AAstoln Foh A Aol #d A=

i AR 240l Wig A7 o] FolA show WA glojM = AW Y-S o] & WA
A7t FE dTEHAA o A= qu% F NE7A 5 o)fol Al wiEel Hdig
w2 Agtre vte ¢ s Ao 2astd webd deA S5 A ARAETE 7%
of A= &S Loty Skl AP AAsain
4o A= 2 U
(D) 2=

Aol AHEE A= F71E BQAA &4 FEAEddA 20139 594 ATl e Frb
= Hd24d shFake] 20149 weldt B A3 JHAlES =7 34 26%‘ A 2lol StA o]
2kl 105 § AGH7E fFHol 03t F A4S =35t AFEES =4 vk 9 2F
I AT A dgAAde] A H o = vds 2o ddS HAAsHAT

F1 A ARAEe] 2 AFAEE dobrs] slste] nd e o)A 35, 55, 5% AT
shelch QelAE M I FEABEA AGuA A7e] Askw o] Hoft

2 A ste] A9
£ E4e Ha gk wed] QeAe] $4S welstel wotmel ol A Eea Edolw
ths Zol7k 2 A% 13em, ¥ol 12emel Fehae EEo] Adg FEE A Aol ALE
stgon A9 P 5AAN 3o Aoy

SH A AFgdd E dEA ASES Lolry] fg AFANE B, 75% AFHE Al Q)
Aol dol7F 1.3cm, &9°] 0.3cm= 7MY S7FEe 1 vgo =2 55% =32 7F 1.2cm, &+
o] 0.3cm% %7F9tH(Table 2-9-1, Fig. 2-9-1). 21742 FAll dolX= 55% 23] 22
A Fo] 514mgo. 2 14 Z/Eden o geor 75% 387t 500mglE Z=7HE Q)
o} 35% @A Al AFo]l 7Y A= ole duEX e ASEAe] vkase] e At

SolA Fz AL WEel e ABEoAE Ago] A e Aew AR Hep
Ao i Aol QlelAt 55-75% Aol frie] A%l g T AW 2Ad AL &
& alan.
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Table 2-9-1. The effect of shading rate on the growth characteristics of Erythronium

Japonicum.
Shading Bulb size(cm) Bulb wt(mg)
(%) )
Length Width Fresh Dry
35 1.0 0.2 37.1 9.0
55 1.2 0.3 514 13.6
7 1.3 0.3 50.0 13.7

Fig. 2-9-1. Effect of shading rate on the growth of Erythronium japonicum.
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TE, IAHE *é) metA ol A ARAEY Ay FFAE N&FH AT/ L)
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(1) Lee, WH. SY. Lee, GR. Kang, J.H. Kang, T.J. Lee, and K.S. Kim. 2013. The Effect of

Leaf Parts and Rooting Media on Propagation of Heloniopsis koreana by Leaf Cutting.
Flower Res. J. 21:195-198

(2) Lee, WH. SY. Lee, J.H. Kang, T.J. Lee, and K.S. Kim. 2015. Effect of Fertilizer Levels
and Shading Rate on Seeding Growth of Thalictrum Species Native to Korea. J. Korean
Env. Res. Tech. 18:1~7.

3. =i (07)
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1. Y X afe] B3 HA A= dEGA Bo] Faxolx =1 Kato and Kawahara(1972)
F A ) o] Mol T F o Ank A x7)

of ostH Ld¥X A H. orientalis®] {4t AT A A
AEA =, ol Ao L AFzAEADo] #Ast Aolg Y

2. A Anp B dle AF T dE A AFE Heloniopsis orientalis®t Heloniopsis leucantha®
(Kato and Kawahara 1972; Kato and Ozawa 1979; Nishida et al.
1

A4 W2l #3 AFE
2009)01 JdAd o @3t EAE A\ X v Heloniopsis koreana)®l WH2ol 3k FAZel o
s Ao

/\qL__—: }—X}— Hd?\] 9/]01],4‘ "-_rj—roﬂ ‘C/']OH HJ_Z\_]'O] 7]— o],]q_ 211 ] 57Hoﬂ/\1 107H 7‘35 %_
odE AAE B Ho] BFe]

3. AYHFAE F
d 52 MAE 2 R YR As 7 dn U
o] Hrt.

4. YR F2Ee $A A Al AF F 2olF Holl vtr gFske Ao a1 3F F EGS
DX A F717F A=E FAA A g Wol= Hog o]l star ol ¥ 1
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